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Rebuilding of the Platform of the Bridge.—After the fall of the 
platform, measures were immediately taken to provide for the travel 
across the Vilaine, in establishing a ferry upon the site formerly used 
by a barge, previous to the construction of the bridge. Nearly all the 
wood-work of the platform was recovered; but, excepting the beams, 
the principal pieces of carpentry were all injured and unfit for use ; 
and as the shortness of the beams had contributed to the fall of the 
platform, it was determined to use new material. 

The design of M. Lacroix, Eng., was approved by the administra- 
tion, who ordered the work to be vigorously executed. Unfortunately, 
the proper wood could not be found in the yards of any commercial 
port, and as the Baltic was frozen, the work must have been deferred 
till the following spring, had not the marine department given per- 
mission to take all the pieces of large dimensions from the Arsenal 
of Brest. 
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Then the work went on, notwithstanding the bad season. The car- 
penters worked under a large shed raised near the approaches of the 
bridge. At the same time all the irons which had been saved, were 
repaired in a forge near the workshop, and new ones made when 
wanted. In three ‘months, all was ready for laying the platform. 

But this operation was retarded by another important one, which 
should have preceded this, but was suspended on account of the cold 
and rains. The coating of mastic and paint upon the cables had been 
torn away in many places; most of the ligatures had been bruised; 
some wires were injured or cut; so that this part of the suspension re- 
quired a general renewal. Moreover, it was necessary to know the 
condition of the interior; so that arrangements had to be made for 
inspecting them throughout and repairing at the same time. All the 
ligatures were taken off, the painting scraped, and the bundles opened. 
Each wire was separately examined; those that were broken were 
joined; those that were loose were shortened; and after bringing 
them together, they were soaked in boiled linseed oil, thickened with 
an addition of litharge and lampblack. Then the ligatures were re- 
newed, and the surface of the cables was covered with mastic, upon 
which were laid several coats of paint. 

To attend to these details, a foot-bridge was made of the beams and 
joists of the old platform, and was suspended by iron rods, first to the 
two interior cables, and then to the two exterior; so that at each 
head of the bridge, one of the suspension bundles was completely free 
for work, while the other bore alone one side of the bridge. 

Another matter delayed the establishment of the platform for a few 
days. 

The friction rollers, as has been said, had slid upon their plates 
towards the sides of the porches; two of them bore — the rim of 
the plate, and could not work. To restore them to the first position 3 
the two cables of the same head had to be raised at the same time. 
The difficulty lay in the insufficiency of the means, it being impossible 
to instal a powerful apparatus, or to find a solid place of support. 

After vainly trying great levers and an iron wedge moved bya 
strong screw, they finally used very tapering wood wedges, well tal- 
lowed, and with great diffic ulty sueceeded in introducing them between 
the cables and masonry, and were five days in restoring the rollers to 
their true place. 

The roadway was finished in less than a month, and on the 20th 
May, 1853, the bridge was ready for travel. 

Change in the System of Mooring Cables.—The new galleries are 
4°6 ft. wide and 6°5 ft. high. They have two masonry abutments 
against the rock, upon which rests a small brick arch, 4°3 ins. thick, 
with 6 ins. rise. ‘The face of the walls is of rough hewn ashlar, ex- 
cept at the end cross gallery, where the cables embracing the masonry, 
it seemed best to line them with cut stone, so as to distribute upon 
great surface the pressures borne by the pillow-blocks. 

Upon this arch is a lining of Portland cement, arranged so as to 
form on each side of the axis, at their junction with the abutments, 
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canals to conduct the water filtering through the rock into vertical 
wells emptying outside the gallery. The oozings along and behind 
the masonry arrive through outlets into the cement gutters made at 
the foot of the abutments, through which they run to the discharge 
canals. 

Between the arches and the top of the excavations, a space is re- 
served for a workman to pass from one side of the bridge to the other, 
and attend to whatever repairs may be needed. 

The bottom of the gallery is covered with a masonry pavement, 
‘9 ins. thick, resting upon the rock; the slopes on the sides are 
quite steep, but to have diminished them would have required a greater 
length and depth of excavation, and it was thought best to make only 
indispensable changes of the primitive profile to save expense; for 
this reason, the steps of the old galleries were preserved, though it 
would have been preferable to have had a uniform and continuous 
slope throughout. 

The mooring galleries are now perfectly sound, and the arches 
staunch as possible, and no leaking has occurred. 

Instead of passing down the vertical weils, the mooring cables are 
now a prolongation of the retaining without interruption, and so form 
with the suspension cables two continuous lengths, embracing upon 
each bank the masses of rock which constitute abutments of great 
solidity. ‘To accomplish this, it sufficed to connect one by one, with 
new wires, all the strands of the up-stream bundles with the corre- 
sponding down-stream strands, by carrying the wires round the cir- 
cuit of the cross galleries, and giving them a constant and appointed 
tension. 

The operation of repairing the mooring cables was simple, but re- 
quired care and precaution. 

Preliminary Details.—In the first place, the covering pedestals 
(whose presence obstructed the passing of the new wires from one side 
of the bridge to the other) were removed; then the retaining bundles 
were unligatured between the towers, and 30 ft. inside of pedestals, 
so that the 16 elements, of which each was composed, were perfectly 
free, and grouped in two rows. 

On the up-stream side were placed two dynamometers suspended 
by hooks upon an iron wire, parallel to the direction of the cables ; 
on this wire the dynamometer could be slid at will. The first was at- 
tached to the cord of a windlass (No. 1), placed in the lowest part of 
the up-stream gallery; the second (No. 2), to that of another wind- 
lass (No. 2), placed upon the roadway, on up-stream side, 25 ft. in 
front of pedestal entrance. Each was provided with a jointed nipper, 
closing by means of a ring upon the index rod of tensions. A framed 
horse was placed between windlass No. 2 and pedestal, bearing a pul- 
ley, over which passed the cord of windlass (No. 2), and upon its up- 
per cross-piece was made fast one of the ends of the wire supporting 
the dynamometers, 
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Joining the Wires. —With these arrangements, it was easy to effect 
the change in the system of mooring. A cut was made in one of the 
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down-stream bundles, within limits of points 5 ft. above and 33 ft, 
below face of pedestal, and after taking away the defective portion, 
to the extremity of a wire was joined that of a new wire, by a com 
mon ligature. This wire carried round to the up-stream ‘side was 
seized at the other end by the nipper No. 2, and stretched by the 
windlass No. 2, till the dyn: imometer indicated the appointed tension. 
A strand taken from a corresponding element upon the up-stream side, 
was cut at any point within the above-named limits, and stretched by 
the windlass No. 1. The old and new threads were then held together 
by iron vices, and allowed the removal of the dynamometers whilst 
the second junction was made. This done, they were left to them- 
selves, after taking away the vices and breaking off the useless ends 
of the ligatures. 

The two strands of the retaining cables thus bound, were first kept 
isolated from the elements to which the y be ‘longe <d, so that no frieti 
might impede the action of the windlass, and care also was taken to 
see that no obstacle was in the way of the new wire, especial lly in 
passing the grooves of the pillow b loe ks. 

Order of Taking up the Wires.—'The conditions of the work indi- 
cated the order of taking up the wires. Thus upon each side, th 
interior bundles, or those nearest to the mooring masonry, were first 
worked by the elements Nos. 1 and 2, adjoining the masonry; then 
Nos. 3 and 4 were taken up, and so on till the end. But after having 


repaired the first eight elements of the inner cable, they were left 
alongside of the other eight, to engage upon the half of the outer 
bundles , and for this reason :— 

The previous tensi hich each old and new wire was 
The previous tension to which each old and new wire was to | 
subjected, was not absolutely fixed. As it was important to prevent 
in the essential parts of the suspension, movements which would attend 
any alteration of the normal equilibrium, an endeavor was made t 


to 
maintain for the restored wires their primitive tension, which 
usual formule for the establishment of suspension bridges would give 
as 178 tbs. for each. But this figure derived from data, the principle 
of which, the suspension weight, being but approximately known, 
there were reasons to fear that it might differ from the truth. Now, 
if the given tension were too small, all the restored elements would 
have been too slack, and would have taken a greater sagitta in th 
parabolic part. The opposite would have been the ease with too creat 
a tension, and therefore the repair of the cables might produce a sen- 
sible rise or fall at their summits, and so in taking up compl tely or 
of the retaining bundles before touching the adjoining, it would be 
impossible to determine in the suspension curves of the same side the 
differences in level which might compromise the solidity of the yoke 
bands to which the platform rods were attached. 

It was to avoid or lessen this inconvenience that the retaining cables 
were operated upon alternately. 

No appreciable movement occurred either during or after the repair, 
so that the adopted tension differed but little from that of the oli 
wires. A difference of level, 1°57 inches, which existed between the 
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bundles of the down-stream head, was even reduced one-half in dimin- 
ishing by 6-6 tbs. the tension to be given to the wires of the highest 
bundle, before joining them to the new wires. 

The operation was effected first upon the right bank, and then upon 
the left, instead of taking hold of both sides at once. The fear of 
having at any moment too great inequalities of tension between the 
pain Pea wires of the old cables and the restored portions, caused 
the adoption of this course. Besides the economy and good execution 
of the work, it was more convenient to use the same apparatus and 
workmen, instead of organizing a second gang. 

Distribution of the Ligatures.—The ligatures, 1400 in number for 
each reti ining cable, were distributed as uniformly as possible over a 
length of 33 ft. at the head of the pedestals. They were so completely 
lost within: the bundles, that it is now difficult to distinguish their 
position; care was taken to cover them with a thick coat of red lead. 

Placing the Wires Upon the Pillow-blocks.—When the new wires 
crossed the pillow-blocks, they were pl: aced in the grooves in regular 
and successive sheets, and were coated with red “oxide of iron, or 
greasy substances, and care was taken to see that no friction or other 
cause should prevent the wires from receiving their proper tension. 

Preparatory Tension.—Independently of this tension, which was 
fixed at 178-6 tbs., the wires were first subjected to another of 264°5 
ibs., in order to overcome accidental resistances, and to destroy in 
part the bends existing in them. 

Dynamometers.—T he dynamometers, which were graduated in kilo- 
grammes from 50 to 150, indicated the working of the windlasses, so 
as to have the normal tension; they were compose “l of three springs 
ina brass cylinder, + ins. diameter and 15°75 ins. long. The springs 
were fixed at one end to the bottom of the cylinder, and hooked by 
the other to a rod under the action of the tension, and carrying an 
index, which gave the effort exerted upon the rod by its position upon 
the graduated scale. 

Condition of the Wires of the Old Cables. —The condition of the 
wires has shown the urgency of the operation; upon both banks and 
near the points where the sheetings merged into the cables (33 ft. in- 
side of face of pedestals), 950, or about one-sixth of the whole num- 
ber of wires, were completely eaten or cut up by rust. 

In the cross galleries, at the point where the mooring cables bend 
round upon their pillows, the alteration was not so great, but existed 
for a great length. All the strands were more or less attacked, and 
tlie results of trials made upon 18 of them taken at hazard from the 
old bundles, shows that their force had diminished 7°13 kil. per square 
millimetre, or 10145 Ibs. per square inch, or 139 ths. per wire. 

Removal of the Old Cables.—When all the strands of the two cor- 
responding elements had been cut and then united by new wires, the 
ends of the elements forming the assemblage of sheeting and cables 
were easily removed outside of the galleries ; but not so for the moor- 
ing bundles; they could not be ti ken away till after the repairs of all 
the cables, and then only in tearing them by scraps. 
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Alteration of the Galleries.—It was necessary to wait for the com- 
pletion of the galleries (from face of pedestal to 65 ft. inside), before 
the repairs of the cables could be completely finished ; for till then, 
they were inaccessible, and, even under the new cables, the space was 
so restricted that it was very difficult to extract the upper bed of the 
rock. 

Working Gang.—Nine workmen sufficed for all the details of re- 
newing the wires: four for making ligatures and attending to the dy- 
namometers, two for service of windlasses, and three for carrying the 
wires and their stowage in the pillows. This gang could replace per 
day from 50 to 55 wires of the old cables. Four and a half months 
were consumed in joining the 5000 new wires with the 11,200 ol 
ones. 

Net Cost.—The expenses were divided into two classes: those for 
enlargement and change of mooring gulleries, and those for repairs 
and change of cables ; the first came to $6400, and the last to $5600, 

These figures are considerable; but it must be remembered that the 
space is 656 ft. with a width of 20 ft., and that there are four cables 
containing in all 5600 wires; that the workmen operated in excep- 
tional circumstances, and, by reason of the contracted space, could 
not effect more than a half of what could be done in better conditions; 


that the enlargement of the galleries required large excavations of 


great hardness, and that the blasting had to be done partially and 
with care to avoid injuring parts to be preserved ; and, finally, that the 
parts of the newly- constructed cables » presente “la le ngth of 71 yal “ds. 

To render an exact account of the cost of a similar renewal in th 
case of a bridge of common dimensions, it would be best to use the 
following elementary data :— 

A yard of wire, No. 19, weighs -01408 tb., and the pound, includ- 
ing the linseed oil varnish, is worth 7} cents; the joining of a new 
wire with two old ones, costs from 7 to 8 cents; the purchase of the 
dynamometers and tension windlasses, their instalment, and the pecu- 
liar dispositions called for in the renewal of the cables, may be set at 
from $80 to $100. In France, many of the toll bridges have but 
14°4 ft. width between handrails for a span of from 65 to 131 yds., 
and consequently the bundles contain only from 1600 to 2000 wires. 
If such cables are to be repaired, for a length of 32°8 yds., without a 
change in the system of mooring, the cost would be :— 


For 2000 new wires, 32-8 yds. long, weighing 


9269 Ibs., at 7°25 cents, ‘ - $672-00 
For rejoining 2000 wires, at S cents, . 160-00 
For removing and renewing ligatures, recoat- 

ing and painting, ‘ ° 80-00 
Additional expenses, , §8-00 


-_—— 


$1000-00 


If necessary to modify the arrangement of mooring cables by sub- 
stituting accessible galleries for wells, or by displacing the cables to 
make them embrace _ masonry abutments, there must be added a sum 
which, according to the case, may vary from $3000 to $4000. 
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These operations may be effected without interrupting the travel. 

Oijection made to this Mode of Repairing.—it was objected by 
some engineers that the accumulation of a great number of ligatures 
ina small portion of the cables, would diminish the strength of the 
latter, and that the fine wire of which they were made would be im- 
paired sooner than the other parts of the cables, and in time get rust- 


ed, so as to fail in their duty. 

When it is e vonsi lered that these li gatures are p i: aced in the same 
conditions with those that serve to joi n the cable wires, the inconve- 
nience, if it exists, is reduced to a simple increase of the chances of 


rupture of all the ligatures; for, as regards oe ar it matters not 
whether they are uniformly distributed, or united at the same point. 
Now, the new made part has upon each bank a length of 65 to 75 
metres, and the mean length of the bundles of wires, Nos. 18 and 19, 
vary between 70 and 80 metres, so that the renewal of the mooring 
cables does not increase the number of ligatures by more than 800 
for the 5600 wires takea up, and as the whole number is nearly 26,250, 
for the whole length of the two cables the proportion of the chances 
of injury due to the ligatures is but ,$92, or »43. Moreover, these 
ligatures are less exposed to the effects of moisture than the rest of 
the cables, and are generally in good condition, even in the damaged 
parts. This is owing to coating them (at the time of making) with red 
lead or oil with litharge, which, lodging between the numerous cir- 
cuits of the wires, adheres more strongly and lasts longer than upon 
the smooth surface of wires Nos. 18 and 19, besides remaining intact, 
while that which protects the other is often injured at the workshop, 
or whilst being put in place. 

Besides, experiments made upon 18 strands taken from the old 
nooring cables, which had been left 18 months among the refuse of 
the workshop, show that on being stretched even to rupture, not one 
of the ligatures failed, even though the wires supported as a mean 
1256 lbs.; one of them was only broken by a weight of 1500 tbs. 

The Two Supplementary Cables.—Arrangement of Cables.—The 
two supplementary cables form a continuous skein, embracing on each 
bank the abutments against which the mooring cables rest, ‘and con- 
taining each 1400 wires of ‘014 Sq. in. section. 

Between the towers they describe above the old cables a parabolic 
curve with 47°89 feet sagitta, and their distance apart at the summit 
is 15} ins., and only 3} at the ends. Beyond the towers they follow 
the same line with the retaining and moving cables, midway, and ne arly 
at the same level; however, at their passage over the upper suspension 

roller, or that opposite the river, they are directly applied upon the 
sheets of cables, and only are independent at 19:5 ft. from the axis of 
the towers. 

These dispositions, demanded by local circumstances and by the im- 
posed obligation of preserving the agency of existing works and of 
respecting the forms and proportions of the masonry, are not without 
their faults. It would have been better had the old and new cables 
been equidistant throughout the parabolic curve; but as, near the 
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porches, their separation could not exceed 5} ins., on account of t] 

smallness of the openings which they penetrate, and as in so small a 
space there would be difficulties in removing and replacing the rods 
whose forms had to be changed for suspension upon supplem ntary 
cables, they were obliged to relinquish the parallelism. On the other 
hand, it is to be reeretted that the want of space did not allow ae m- 
plete independence of the new cables from the others, for their over- 


, 


laying causes considerable frictions which have sensibly constrain 


the displacements and reactions, which should be produced in the sup- 


plementary cables when charged with their load. This circumstance, 
though foreseen, but whose influence could not be appreciated because 
the change in the system of primitive suspension would necessaril 
occasion in the old and new eables inverse movements, the one i 
pendent, the other simultaneous; this circumstance, I say, prevente 
an exact determination of the position to be assigned to the suppl 
mentary cables when they were entirely free; so that the ultimate 
rise, which has been fixed at 48-21 ft., was but 47-S! ft.. a differen 
of 5,9, 

Suspension Rods.—The rods of the supplementary cables only dif- 
fered trom the others in having a hook instead of an eye at the upper 
ends, embracing the new cable and fastened with wire No. 12. 

Cast Iron Bolsters.—The new cables are separated from the old at 
the origin of the suspension curve by cast iron bolsters of an oval fi 
and 3°28 ft. long. They rest upon the sheetings of the primitive cab 
at the site of the lower friction roller with an intervening layer of very 
thick mastic. Care was taken to give the most suitable form to the fa 
of contact, and the relief of the sheetings was obtained by a lead pl il 
from which the moulds were made for cach of the bolsters. 

The cables were made in their place, the wires being left free, 
that the regulating curve not being deranged, it was easy to appr 
the coincidence of each wire with those already in place. For 
same reason the framed horses generally used to support the 
between the towers and mooring masonry were dispensed with. 

Various Detatls.—This operation called for the removal of the upper 
portion of the porches, the openings for the passage of the old cabl 
not being large enough for the introduction of a bundle of wire. T’! 
cut stone was deposited one side or in the chamber above the arches. 

The moving of the wires from one bank to the other was effect 
upon the bridge, but the porches could not be turned, because the wires 
would be involved between the towers and the first rods, and so they 
were raised directly upon the porches. 

Upon cach bank, was placed above and corresponding with the sheet- 
ings of the old cables a windlass upon a frame, whose cord passe: 
through a movable ring, fitted to the end of a wood swipe made to 
turn upon a horizontal axis in a vertical plane parailel to the direction 
of the cables; to this cord was suspended a lead cylindrical counter- 
weight with a diameter greater than the ring. 

To raise the wire, one end was attached to the counter weight, which 
in turning the winch is stopped by the ring, thus causing the bar to 
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describe a quarter-circle and to pass from its horizontal position a little 
beyond the vertical, when by turning the winch in the opposite direc- 
tion, the counter weight falls drawing the wire with it to the level of 
road-way. While the windlass is at work, the other end of the wire is 
united to the last hank unwound upon the other side of tower. 

To diminish the frictions which might obstruct the separate move- 
ments of the new cable, the bolsters and sheetings should be well tal- 
lowed before laying on the wires. Each layer of wire is also to be 
covered with the same material. 

When all the wires are laid on, they are brought together and soaked 
in linseed oil thickened with a small quantity of litharge and lamp- 
black ; then, being bound by ligatures of wire No. 12 distributed with 
aspace between them equal to their length, which is 11-8 ins., they 
are lined with a layer of thick mastic and three coats of paint. 

Pr vious T'ension.—When a wire is stretched for the first time, under 
a given weight, it experiences an elongation, which does not completely 
disaee ar, on becoming free; for loads between 2 and 24 kilog. per 
square millimetre, or from 2845 to 54150 lbs. per square inch, the 
permanent elongation is about 4 of the primitive. Now the old cables, 
having experienced the transient tension of the test load, the new 
should be found in the same conditions, or subjected to a tension of 
16:5 kilog. per square millimetre (25478 lbs. per square inch) or 350 
lbs. per wire. For this errs each wire, through the action of a 
windlass at both sides of the bridge, is made to describe the same curve 
as that of one (Plate ILL, Fig. 1, ae) invariably fixed between the 
porches, and whose rise was determined so that under its own weight it 
would be sollicited by a horizontal force of 330 Ibs. i 

The rise was deduced from the formula 
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Substituting in this expression 1 = 316-93 ft., R = 359 Ibs., and 
p 0-04704 Ibs. per running: foot of wire No. 10, we have for the rise 

f the indicating wire 7°2 ft. 

Thus pre pared, the two sup pleme ntary bundles present in their pro- 
visional position a perfect regularity, and the summits of the curves 
are upon the same horizontal line. This is a new proof of the advan- 
tage of making the cables in place; this system being as easily and 
simply applied in small as in great spans, while the raising of the con- 


* The author gives f 2-65 m., which is erroneous; his data are A = 96°6 m.,R — 150 k., and} r070 k. 
per running metre. The curve, which is a cateuary, is treated as a parabola. 
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stituent elements of cables for spans of more than 100 yards presents 
some difliculties, and the regulation of the different elements is not 
always attended with the desirable precision. 

Working Gangs and Cost.—Independently of two agents whose 
special duty was to look after the perfect coincidence of the wires, 
there were 15 cablers or workmen who placed, per day, from 33 to 
40 strands upon each head of bridge, that is to say, 31473 running 
yards of wire with a weight of 4411 lbs. | 

The daily wages of all these workmen came to $8-00; so that the 
laying of the cable came to 0-18 cents per pound. This operation, 
without accounting for the special fixtures, would have cost double had 
the cables been made elsewhere. 

Provisional Sagitta.—Before making the supplementary cable, it 
was important to determine precisely the provisional position to be 
given it, so that under a permanent load of 4 of that borne by the two 
old cables on same side of bridge, it should take its definitive position 
in respect to the latter; in other words, to determine the sagitta of the 
wire which should regulate the placing of all the strands of the addi- 
tional cable. 

As this is an interesting matter, we give the steps by which it was 
resolved. 

The rise was first assumed at 45-93 ft. (that of the cables being 49°21 
ft.); then to verify it, it was left to find by what quantity it must be 
increased, if the regulating wire is loaded, for each running foot of its 
horizontal projection, with a weight equal to that primitively borne by 
each of the suspension wires. 


. : of 2 C— h 
The known relation* (= ) = ¢ ( j ~) 
Lh p 


which may be written under the form 

Jf : LVA3h (2¢ — 2h) (x) 
which gives the sagitta f of a parabolic curve in function of its length 
2 ¢ and of its chord 2 h, enables us to determine the variations of the 
rise corresponding with those of the curve. 

On the other hand, if a wire such as a ke, with a length J, is loaded 
with a weight p per running foot, in the part between the points of 
support, it experiences an elongation a, resulting from the horizontal 
tension Q, due to the load, and to the change in form of the catenaries 
mnp, m'n’ p’, whose length diminishes, while the parabolic are has 
an equal increase (Plate ILI., Fig. 1). 

This elongation is expressed by the formula: 

Ql 207 a® cos. ( 


= -t- 
ES 2g’ \ 
in which: 
s =the weight per running foot of wire No. 19 = 0-04704 Ibs. 


Ss == section of the same wire 0-0000079 square foot. 


e 


amine 


a= horizontal distance ox between the ends of the ret 
cables = 106°85 ft. 


* Memoire de Navier sur les ponts suspendu 
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Cos. o = 0°30. 
E= co-efficient of elasticity = 4507552879 Ibs. per sq. ft. 


@ = horizontal tension of each wire —P* 


2 
q = tension of regulating wire under its own weight = As ‘ 
Performing the calculation indicated in the expression (v) in sub- 
stituting for 2 316-93 ft., 1246-74 for U, and 0-14112 Ibs. for Py We 
have 
a = 04552 + 0-1594 x -9375 = 0-5846. 
And as the value 2c, corresponding to a rise f = 45°93 ft. i 


- 2 f? oe wi?) fi 
2c 2h 1+ Th 642: = It. 


it follows that in putting 2¢ + a = 643-28 ft. instead of 2¢ in the 
formula (wu) we obtain the length p = 47°40 ft. of sagitta which the 
standard wire should take under the load p. 

The space between the old and new cables having been fixed at 0-98 

ft., this result shows that the provisional sagitta should be 

49-21 ft. — (0-98 + 1:47) = 46°76 ft. 
As, however, the preceding calculations have taken no account of the 
frictions of the wires upon their points of support, and as the formule 
rest upon hypotheses whose correctness has only been verified in cer- 
tain limits, it seemed best by direct experiment to see if absolute con- 
fidence could be put in the indications of theory. 

Consequently : a wire No. 19 was stretched from h tog (Plate IIL., Fig. 
1), describing the line hn’ aecy, loaded in the portion aee with a uni- 
form weight, equal to that borne by each wire of the old cables; then, 
fixing fast the end A, it was stretched so that its summit é, being 0: 98 
ft. above the middle of the sus pension cable, the two parts hn’ m’ and 
mng should describe the same curves as the lower generatrices of 
the retaining bundles. 

The wire being fastened at g, its load was removed. Its primitive 
form was changed, and the summit e rose 1-67 ft., while the catenaries 
mn p, m'n’ p’, were lowered beneath the retaining cables. This ope- 
ration, many times repeated upon both sides of the | bridge, always gave 
the same result to within from -39 to -78 of an inch. 

Moreover, the wire when in the position a ke was loaded with the 
same weight, and each time returned exactly to the position ae e. 

The accordance of facts with theoretical deductions, and the consi- 
deration that the sagitta of a catenary (like that assumed by the sup- 
plementary cables during their construction) is shorter than that of a 
parabolic are of the same length, caused the adoption for the regu- 
lating curve, of that described by the wire of experiment, and the 
provisional sagitta to be fixed at 49-21 ft. — (0-98 + 1-67) = 46-56 ft. 

These operations were conducted on the supposition that the load 
of each new cable was equal to ths “ borne by each old cable, while in 


*The original has (1 4. oo 3) probably a misprint. 
* P 
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reality it was but 3 of it, and as within the limits considered, the elonga- 
tions of sagitta may be regarded as proportional to tensions 3 of the 
space ek = 1:07 ft., or 1: 115 ft. was taken for the lowering of the 
summit of the additional cable. 

But at the same time, the inverse movement of the other cables was 
to be accounted for when they were relieved of 4 of their primitive 
load, and the rise of their summit was supposed to be — sed — 0-556 ft. 


» 
so that the old and new cables would be 1:115 4+ 0-556 = 1-07 ft. 
apart. 

(To be Continued.) 


For the Journal of the Franklin Institute. 


Iron Girder Bridge for the Boston and Worcester Railroad, « 
Watertown Road, in Brighton ; built by Wm. Adams & Co., Bos- 


‘ 


ton. By Epwarp 8. Puivprick, C. E, 


Though this structure differs in many of its details from any bridge 
of the kind hitherto constructed, the same ratio was used in the 
proportioning of the metal to the strains incurred as in other similar 
English and American structures, viz: a maximum tensile strain of 
four and one-half tons, and a compressive strain of four tons per 
square inch of section, incurred by a live load of one ton per lineal 


foot of track. 

It consists substantially of three girders of the I form, supporting 
on their tops a floor and double-track railw: iy, the girders being braced 
against each other in a thorough and rather peculis ir manner. 

The span is eighty-six feet and ten inche ‘s between bearings, approach- 
ing the limit where a tubular form would be preferable to a series of 
separate girders, and therefore requiring a degree of strength unusual 
in the I form of girder. The middle girder, having sometimes to sup- 
port two trains at once, should they chance to meet on the bridge, is 
made proportionally strong and rigid, as fully proved by the test lo: ail, 
le scribed below. 

The great obliquity of the bridge (there being an angle of only 
91° 30’ between the tracks and the abutments), while lar; gely i increas- 
ing the length and cost of both masonry and superstructure, is an 
advant: ue when comps ared with right-ang led bridges of similar span, 
because each girder is here supported laterally by “the abutment itself 
throughout one-third of its length. 

The horizontal members at the top and bottom of the girders, de- 
voted to resisting the compressive and tensile forces respectively, are 
all two feet in width, varying in thickness to conform to the strain $ 
to which they are subject. Their joints are spliced with plates of th 
same width, on both sides. They are attached to the vertical iets 
or web by a four by four inch (4’’ x 4’’) angle iron on each side of the 
latter, passing along the centre of the horizontal plates. The joints 
of these angle irons are also spliced with a patch of similar form. 
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All abutting joints are accurately planed, as well as all sides of the 
sheets forming the wed. 

The sheets of the web of each girder are {ths and ,7,ths of an inch 
thick, seven and a half feet high, and six feet three inches in width 
between joints. These vertical joints are abutted and covered by a 
batten, 8 inches wide on each side, and secured by a double row of 
rivets. Outside of these battens, on each side, is a vertical angle iron 
with a base of three inches, and a projecting flanch of six inches width, 
secured by the same rivets with the battens. Each end of these an- 
gle irons is bent out like a knee and attached by two rivets to the top 
and bottom members of the girder. In the middle of each sheet, or 
midway between these kneed ribs, is another vertical angle iron on 


each side, of the same dimensions, to check the vibration of the sheets, 


the ends of these being off-set and riveted through the horizontal 
angle irons which form the connexions between the vertical member 
or web and the horizontal plates at top and bottom. 

The method usually adopted for joining these web-plates to each 
other in other plate-iron bridges, is to place a T iron on each side of 
the joint, the head of the T forming the batten, and the stem forming 
the rib. Having found these T irons beginning to split in a number 
of English bridges, owing to the weakness of the iron along the junc- 
tion of the head and stem of the T, and finding no T iron of sufficient 
strength rolled in this country or to be obtained from England at a 
moderate cost, I preferred the arrangement described above, which 
the event has proved to be a decidedly stronger joint than the English 
one, and, at the same time, a cheaper one in our market. 

As the tracks lie above the girders, ample opportunity is afforded 
for diagonal bracing between them, to maintain their perpendicularity 
and check vibration. 

The ordinary mode of applying this bracing and that practised by 
English and Canadian engineers, is to attach at intervals of about 10 
feet diagonal strips of plate-iron to the vertical ribs, crossing each 
other like the letter X, and riveted together at their intersection. But 
the height of our girders being unusually great (74 feet), as well as 
the horizontal distance between them (11 feet), these braces might 
flap and vibrate under express trains to such an extent as to bring 
undue strain upon their attachments and render them nearly useless, 
‘To obviate this, 1 formed each brace of two pieces of plate-iron, s six 
inches wide and three-eighths of an inch thick, connected at right 
angles to each other by a 1} inch angle iron riveted to each, giving 
a section similar to an angle iron, six inches wide on each side of the 
angle. As the two members of the X are placed back to back, they 
are riveted together at their intersection. In order to get the strong- 

est available attachment between these braces and the vertical ribs of 
the girders, that half of each brace which does not lie in a vertical 
plane was heated at the ends and each end twisted 90°, allowing it to 
be attached to the ribs alongside the other strip, with the plane of 
which it here coincided. The result has been fully satisfactory, for 
the passage of heavy trains at high speed produces far less vibration 
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than in many similar bridges which I have had the opportunity to ex- 
amine, in this country, and in England and France. 

The rivets are, with a fewexceptions, all of one inch diameter, 
being heated and headed in the usual manner. 

The rivet-holes were all drilled, being, as I believe, the first case 
of the kind in a work of this size. It can hardly be doubted that 
drilling secures a cleanness of cut, if not an accuracy of position, un- 
attainable by punching. The drill neither disturbs the fibre of the 
iron near the hole, nor bends or stretches the plates like a punch: cir- 
cumstances which often render it difficult for punched plates to be 
accurately fitted to each other, or to have that exact correspondence 
of holes which is indispensable to a first-rate joint. 

This bridge is to be subject to a traffic of some forty-five trains daily, 
many of which trains weigh 400 tons. Previous to opening it to tlie 
traffic, it was tested as follows: 

A large pile of iron rails was distributed over the floor, and a train 
placed on each track, weighing in all 159-3 gross tons. The deflec- 
tions were carefully observed at the centre of each girder, the load 
then removed and a second observation taken, after which the load 
was replaced and again removed, with two more observations. The 
first loading produced a permanent set of 0°26 inches, a considerable 
portion of which may doubtless be attributed to the bearings on the 
abutments, where a white oak cushion, four inches thick, was inter- 


posed between the iron and masonry. The second loading of the 
bridge brought the girders down to exactly the same point as the first, 
the deflections being given below with the loads upon each girder. On 
removing the load, these deflections disappeared entirely. — 


TONS LOAD. DEFLECTION 
North girder, 37°15 0°39 inches. 
Centre “ 79°65 033 =“ 
South “ 42:50 O45 * 

The unequal distribution of the load upon the north and south gir- 
ders was due to the different weight of the engines placed on the two 
tracks, a difference which was not intended, but which served to show 
how nearly the deflections vary with the weights producing them, 
proving the great uniformity of the workmanship in the three girders, 
while the rigidity of the centre girder is shown to be fully equal to 
its double duty. 

The materials used in this bridge were entirely of American manu- 
facture. Before determining on the kind of plate-iron to be used, | 
availed myself of the kindness of Capt. Rodman of the U. 8. Arsenal 
at Watertown, and the excellent apparatus under his charge, to test 
a variety of samples of boiler plate, with a view of comparing both 
their ultimate tensile strength and their extensibility when subjected 
to a tension increased by certain known degrees at will. 1 give the 
results of these experiments in the annexed tables, with a summary 
description of the kind of iron of which each sample was composed. 
The great uniformity of the lower grade of iron (3d experiment), to- 
gether with its great tensile strength, authorized its use in our bridge 
wherever it could be introduced without change of form. Wherever 
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such change is required, however, I could not recommend it, as in the 
case of steam boilers, Kc. 
Ist Experiment.— Three pieces from same sheet. 


First piece. Second piece. Third piece. 


Elongations. Elongations. Elongations. 


a 


While After ten- While After ten- While After ten- 
under sion Was under sion was under sion was 
tension. removed. tension. removed. tension. removed. 


TENSIONS PER 


5.000 lbs. M0034 “00013 “00020 “00001 ‘00020 “00000 
10,000 “00060 “OOO1L5 00033 | 00002 00046 00002 
15,000 “O0079 “O001L8 “00058 00003 00073 “00006 
20,000 “0091 00020 *O00R7 “00019 OOLL3 00020 
25,000 “OULLD “00036 “00196 | 00097 00226 ‘00126 
30,000 O0161 “00066 O1269 | O1LL32 “01234 *O1L126 
35,000 “O09T4 ‘00846 03942 | 03742 “02856 ‘02732 


40,000 “03694 ( did not ’ 
( recover § 


10942 | broke. 05060 | 05060 | 


43,580 *10800 and broke. broke at 42,800 Ibs. pr in. 


Note.—The elongations in all these tables are expressed in terms of the part mea- 
sured, which was a strip of the plate 10 inches long, planed to a uniform section of 
about half a square inch ; ¢. é. the first piece in the above experiment stretched about 
‘1 of its length before breaking, and bore a tension of 30,000 Ibs. per inch, with a per- 
manent elongation of only two-thirds of -001 of its own length, &c., while the second 
piece stretched -O1 of its length by the same tension. A great part of the differences in 
the initial elongations may be attributed to the imperfection of the alignment of the bear- 
ings by which the specimens were attached—a difficult thing to avoid. 


The iron used in this first experiment was from charcoal blooms 
entirely, known in the market as “ best flanch iron,” being warranted 
to turn flanches for boiler heads, &c., without cracking. The elasti- 
city and strength under direct tension did not appear to be sufficiently 
superior to the iron used in the third experiment to warrant the dif- 
ference in price, when used for purposes where no change of form was 
required. The specifications for our bridge called for this kind of i iron, 
however, in cases where the form of plates was changed, the inferior 
grades not being able to endure such change without prejudice. 


2p Exreriment.— Three pieces from same sheet. 


First piece. Second piece. Third piece. 


Elongations. Elongations. Elongations. 


While After ten- W hile After ten- While After ten- 
under sion was under sion was under sion was 
tension. removed. tension. removed. tension. removed. 


SIONS PER 


Tr 


5,000 Ibs. “O0016 O000L1 00016 | 00002 00023 ‘O000L 
10,000 “00038 O0002 “00035 | 00004 “00047 “00003 
15.000 00059 “00003 “00054 “00004 “00063 “00004 
20,000 “O0084 C0007 00076 00004 “00082 “00005 

| 25,000 “OOLL2 “00016 “OOLOL “00011 ‘00123 OOOLT 
30,000 “00317 “00209 “00216 *OOLLO 00211 00089 
35.000 “O1L920 “OlL7T9L 02746 | 02646 “01965 “OL80L 
40,000 ‘02488 ‘02346 = [broke at 40,100 Ibs. pr in jbroke at 39,900 Ibs. prin. 
43,444 broke. : 
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The iron in this experiment was made from a mixture of charcoal 
blooms and blooms puck lled with bituminous coal from charcoal pig. 

From the uncertainty of the amount of each kind used in the mix- 
ture, and a reputation of want of uniformity, it was not considered 
worth the price charged as compared with the iron of the third expe- 
riment. 


Tuirp Exprertment.— Three pieces from same sheet. 


First piece. Second piece. 


Elongations. Elongations. Elongations. 


While After ten- W hile After ten- W hile A ft 


under sion was under sion was under 


TENSIONS PER 


tension. removed. tension. removed. tension. 


5,000 Ibs.; *00014 Zero. ‘00028 “00008 00020 

10,000 “O00382 “ ‘OO051 “OOOL2 “000288 

15,000 00053 a ‘O0071 O00L5 ‘00065 ‘ 
20,000 O0079 és OOLL3 ‘O0027 “O0086 “O0006 
25,000 OOLL3 O0008 ‘OO1L78 “OO0S82 “OOL1L6 ‘OO0L2 
30,000 00178 "00056 “00974 OUS836 00153 “00030 
35.000 “01698 *O1542 “02954 *O2869 00237 “OOT05 
40,000 “040 50 ‘04650 broke at 38,000 Ibs. pr in. “OLLS4 00997 
40,450 broke. broke at 44,700 lbs. prin. 


Nore.—A fourth piece from this iron bore 45,100 Ibs. per inch. 


The iron tested in this experiment was from “ charcoal pig l 
died with bituminous coal and worked twice. Finding it possessed 

. . = 7 ° . ) } . . . ; 
high degree of elasticity, we adopted it for the bridge-work where 
the plates required no change of form. 


Observations on the Niagara Bridge.* By Perer W. 
C.E., F.R.8S., F.G.S., &e., &e. 
(Continued from page 93.) 
meluding Observations and Deductions. 


The preceding investigation leads to the inevitable conelusio 

that the Niagara Bridge, notwithstanding the defec ts which hay 
ointed out, is the safest and most durable r ailway bridge of large 
which has been constructed. Kirst, because it is i lial 

rioration ; and, secondly, heeause the greatest strain to which it 
be subjected is a less proportion of the ultimate strength of the suy 
porting material. 

This stability is accomplished in a span of 820 feet by 400 tons of 
iron, and 600 tons of timber trussing and platform. Had wrough 
been used for trussing, from its superior rigidity the total w 

* From the London Engineer, No, 253. 
+ The Fribourg Bridge, as appears from Weale’s work on Br 
weight of eable in 870 feet span without avy adequate me 


wen 
years. The durability of the Fribourg Bridge may therefore | 
stability of the Niagara Bridge. 
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material would not have exceeded 800 tons, the deflection of the wave 
reduced to 2 ins., and the strain on the cables to one-eighth of their 
ultimate strength. 

It is clear, therefore, that 820 ft. is not the limit of the opening that 
can be crossed by this principle; it will readily be seen that spans as 
high as 5000 or 5000 ft. can be carried out for railways, without ex- 
ceeding the safe limit of strain on the wire cables, and at a cost which 
would render remunerative connexions and communications which are 
now considered impracticable. 

Navigable rivers may thus be crossed which at present depend for 
their communication upon ferries; as an instance of which, Liverpool 
and Birkenhead, and New York and Brooklyn, may be mentioned ; 
and even in London, the sum expended on the Thames Tunnel wouk 

l London, tl nded the Tl | ] ld 
have made a useful public communication by this system ; and the dif- 
ficult question of over-crowded streets may be solved, as explained in 
my recent paper to the British Association, by viaducts of large span, 
which would mterfere very little with the property on the surface. 

The dimensions of a bridge to connect Liverpool and Birkenhead 
will be as follows: 

Span, ° ° 3,000 feet. 
Deflection, . 300 “ 
Height of piers, ° ° 450 “ 
Section of cables, . ° : 1,000 inches. 
Weight of cables between the piers, : 5,085 tons. 
Weight of suspension rod, ° 300 « 
Weight of platform and girders, . ° 2,000 « 
Breaking weight of cable, ° ° - 48,000 
Strain at the point of suspension by weight of the bridge, 11,077 
With a load of 1000 tons, ° ° ° 12,577 
Weight of wrouglit tron in towers, " 6,000 
Estimated cost,* . ‘ ° - £1,000,000 

The proposal to build a bridge of these dimensions may be somewhat 
startling, but let it not be condemned without a fair consideration. It 
must be remembered that the views here advanced are consistent with 
the opinions expressed by Telford; and such a proposition as is now 
submitted would have been received with less scepticism in the year 
1814, when he projected the Runcorn Bridge, than it is at the present 
time, simply because the public have been taught (I believe errone- 
ously) that girders and tubes are the correct principle of bridge con- 
struction. 

The reasons why any structure is impracticable may be thus classi- 
fied:—First, that they will not possess sufficient strength and dura- 
bility when constructed; and, secondly, that it is impracticable to 
construct them. 

The first question, of the strength and durability, is dependent upon 
the tensile resistance of the material employed. The wire used in the 
Niagara Bridge was tested by being strained over an opening of 400 
feet, until the deflection was reduced to 9 ins.; this is equivalent to 
straining the same wire over a space of four miles, until the deflection 
is similar to that ratio proposed for the Liverpool Bridge. 


* With piers in the river, a bridge of less cost could be constructed. ae 
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If the wire will support its own weight over an opening of four miles, 
it will evidently have a great excess of strength in three-quarters of a 
mile; in fact, it will be seen that, in the space proposed, the cables 
will support four times their own weight plus the greatest load on the 
bridge ; and it would be made a condition of the contract that such 
strength of the cable should be tested én situ (by diminishing the de- 
flection) to three times the strain to which it would be subjected. It 
will be found that the greatest strain on the metal of the towers, sus- 
pension rods, and stiffening girder will be 24 tons per inch, or ith of 
the ultimate strength. If these calculations (which m: ry be checked by 
any person with a moderate mechanical knowledge) are correct, there 

can be no doubt of the direct strength of the bridge 

It may be supposed that a bridge of such large dimensions will oscil 
late with the wind, but it does not appear that oscillation (if by oscilla- 
tion is meant swinging like a pendulum) is a complaint to which sus- 
pension bridges are liable; and if it was, this bridge, from having so 
much greater weight in proportion to the surface exposed to the wind, 
would be less liable to this evil, even if constructed with a timber plat- 
form in the ordinary way. 

It is not generally known that several suspension aqueducts have 
been constructed with success in America, which, if liable to oscillation, 
could not long be maintained in condition. 

The motion that is observed derives its origin from the undulations 
of the platform, produced by the agitation, unequal pressure, and 
change of the direction of the air in a hurricane, and it may be com- 
pared to the effect of the platform resting on the surface of wat: 
agitated by waves. If the platform has no longitudinal strength, it 
will undulate in every direction, and necessarily put the chains ina 
state of vibration, which may be mistaken for oscillation; but I hav 
never detected that oscillation or swinging has occurred in a gale of 
wind, nor can I see how it is likely to occur. If the wind blew alter- 
nately in opposite directions at intervals corresponding with the time 
of vibration due to the suspension bridge, it would undoubtedly pro- 
duce serious oscillation ; but it does not act in this way. It is v: ariabl 
in some degree in force and direction, but still the general current 
over a large space will be in one direction, disposing the suspension 
chains to deviate to some extent from the perpendicular, but not to 
oscillate. 

The observations of General Pasley and Mr. Provis confirm this 
view; and it is further confirmed by the fact, that no oscillation has 
been observed in the Menai Bridge (the chains of which being four in 
depth present a great resistance to the wind), since the longitudinal 
stiffening, small as it is, has been given to the platform. I will add no- 
thing further to meet an objection that may not be raised, but if it is 
raised, there is no difficulty in showing that, if a bridge weighing 7500 
tons is liable to be influenced by the wind, such a bridge as the Fri- 
bourg, with a timber platform, which weighs under 400 tons, in a span 
of 870 feet, would have been destroyed long before the year 1800. 
There does not seem to me any other doubt or diffic ulty that can be 
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suggested with reference to strength and durability, and I will now 
consider the second question, whether there is any impracticability in 
constructing such a bridge. 

The first step is to prepare foundations on each side of the river to 
earry 30,000 tons, a weight which has been much exceeded in mason- 
ry, and cannot be a difficulty. 

The second ste P is to construct wrought iron towers 450 feet high. 
Masonry and brickwork having been carried near ly that height, it never 
can be argued that there is a diffic ‘ulty in a tower of wrought iron 450 
feet, with a section of metal allowing only 2} tons per inch compres- 
sure. If it was necessary, and the capital to execute the work, there 
is no difficulty in building an iron tower 4500 feet high. 

We come to the fixing of the cables, which would be a question of 
some difficulty if chains were employed, but with wire cables the pro- 
cess is perfectly simple, and there is little more difficulty in 5000 ft. 
span than in 800—except that more powerful machinery is required ; 
and the same may be said of the anchorage, which is a mere question 
of providing weight in proportion to the strain to be contended with. 

The necessity of constructing the platform at such an elevation as 
to prevent the largest class of ships to pass under (for which 150 feet, 
or 50 ft. more than the Menai Bridge, has been allowed) is, no doubt, 
a great drawback to the usefulness of the proposed structure; but 
much less so than would appear at first sight. One-sixth of the steam 
power now used at a single ferry would raise all passengers with ease, 
and comfort, and safety, to the ‘level of the bridge, and the inconve- 
nience would be small compared with that of the uncertainty from gales, 
fogs, as well as danger of collision, which must always exist in a ‘ferry 
situated as at Liver pool. 

There is little doubt, in spite of the disadvantage, that the work 
would be of great public utility, and highly remunerative, as it would 
form a communication not only for passengers, but for road carriage, 


and by a street tramway would connect the railways on each side of 


the river. 

I have only to add, (should it appear that preconceived notions are 

not so deeply rooted, that there is a hope of the subject being fairly 

considered,) that I am prepared, at my own cost, to make experiment 
on such a scale as will determine, not only that the direct strength is 
more certain than any previous structure, as every cable will be tested 
in situ to three times its strength, and nothing left for calculation : that 
the use of wire in the cables and wrought iron in the towers enables the 
work to be erected with facility and certainty, and moreover that the 
weight of the structure is so great in proportion to the moving load or 
force of the wind, the platform being of iron with a stiffening girder, 
that it is equally certain that the undulation observed in light sus- 
pension bridges will be avoided. 

The span of the suspension br idge to connect New York and Brook- 
lyn would not require to exceed 2000 ft. Having, therefore, investigated 
a larger span, it is not necessary to refer to the practicability of a bridge 
of less dimensions. 
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The utility of the suspension system girder to relieve the pressure 
of street traflic in London, will readily be compre thended. There are 
only three modes of curing an evil (whic h is becoming beyond endu- 
rance, if the business of the City is to be concentr ated in the present 
small area). 1st, To widen the streets and build higher houses; 24, 
To make roads or railways under the surface; and, 3d, To make sus- 
pension girders, of large span, over the surface. <A fourth has been 
sSuggeste d, bei ing street ré allw: ays. 

During my tour in the United States I traveled over between 40 
and 50 miles of these railways in New York, Boston, St. Louis, and 
Cincinnati, and am of opinion that great public benefit will be derived 
from their introduction in England. A smogth iron road being sub- 
stituted for paving-stones, the cars are less liable to concussions, and 
may be constructed much larger without greater weight of material, 
with height to stand upright, and sp: ce tO Wi uk with facility from end 
to end, when the seats are occ upied. ‘There results in consequence a 
degree of smoothness and comfort in traveling, which it is difficult to 
be understood by those who have only experienced a London omnibus. 
Cabs are unknown even in New York: if this system was carried out 
in the approaches to London very great benefit would be derived. 

Still the pressure in the City, where the traflic is concentrated and 
the street narrow, would remain the same, and here the best way of 
dealing with the difficulty is, in my opinion, to carry the traffic on an 
upper level by suspension girder viaduct. Two lines of communication, 
one from east to west, and the other from north to south, would go far 
towards effecting the object, one commencing at the junction of the 
Tottenham Court road and Oxford street, passing at the back of the 
Bank to Whitechapel, and the other commencing at the E lephant and 
Castle, where the Kent, Newington, and Walworth roads unite, to a 
point near the Shoreditch station of the Eastern Counties Railway. 
The cost of a wire suspension girder viaduct with a span of 1000 feet 
would not exceed for a double line of street omnibus traffic (in con- 
nexion with the expected street railways, which will converge at the 
above described terminal point) £150,000 per mile, to meet fully the 
requirements of the Board of Trade. 

The only land required will be for the wrought iron towers, as a 
wire bridge may be erected without the least interference with the in- 
termediate property. Allowing £100,000 per acre (the average cost of 
the terminus of the South Eastern Railway) for the land required, o 
£50,000 per mile, the whole scheme may be carried out for a little 
above one million. 

Two other applications: wire suspension bridges still occur to me, 
where bridges have been long projected and abandoned from their cost 
and interference with property, as hitherto proposed, viz: to connect 
Holborn and Newgate street by a level bridge, and thus avoid Holborn 
hill. A wire suspension bridge with towers of wrought iron, constructed 
like a vertical lattice beam, would offer little obstruction to the light, 
and would not exceed in cost the sum of £75,000. 

The seccnd is a bridge to cross the Mersey at Runcorn, where Telford 
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projected a chain suspension bridge in the year 1814, having a centre 
span of 1000 feet, with two side spans of 500 feet. 

The construction of a chain bridge of these dimensions at that period 
was as much at variance with previous notions, and presented as much 
apparent difficulty as a wire bridge now presents of 3000 feet span, 
from the superiority of wires over chains, which is so manifest not only 
from its greater tenacity, but from the facility of erection, that large 
chain brid; ges will prob: ab ly never again be executed. 

The cost of a bridge at “Runcorn, either for road or railway, with a 
section of metal such that the strain produced by the greatest weight 
will not exceed one-fifth of the ultimate strength of eve ry part of the 
bridge, will not exceed £100,000, and responsib ‘le contractors will be 
found to execute the work for that sum, and probably much less. 

APPENDIX. 
Cornwall Railway—NSaltash Bridge. 


Extract from Col. Yolland’s Report, dated 25th April, 1859, previous to the opening of 


the line for trailic. 

“T have been favored by Mr. Brereton, who has been acting as 
chief engineer in Mr. Brunel's absence, with certain particulars, that 
show the nature and strength of the structure, which are important 
and may be interesting. 

*“ By the specification under which they were constructed, it is sti- 
pulated that the strain per square inch of section, with a load of 1} 
tons per foot lineal, should not exceed 4 tons; and with a load of 2 
tons per foot lineal, i it was not to exceed 5°5 tons per square inch. 

“he west or first tube was accordingly severely tested by the en- 
gineers before it was floated to its proper position between the piers, 
preparatory to its being lifted to the required height by hydraulic 
pressure. The results were as follow: 

** When the tube had to carry itself, and its portion of the bridge 
eo ng, with the floor, about 1100 tons, the deflection observed at the 

entre was under 2} ins. on the east side, a1 ° 2} ins. on the west side, 
with a load of 1} tons per foot lineal uniformly laid on the roadway 
the deflections a re re spe ctively 5°L ins. east, gery 5°25 ins. west, with 
the load increased to ‘ 2} tons per foot lineal, or 12 00 tons ; the deflec- 
tions were 7} ins. east side, and 7? i ins. west side; but it was noted 
that during the last two experiments the supports on which the tube 
rested had sunk about half an inch, whi ich quantity must therefore be 
deducted from the preceding deflections observed with the load on. 
After the load of 2} tons per foot had been taken off, a permanent set 
of 1-2 ins. on the east side and 1°25 ins. on the west side was o! served, 
beyond that resulting from its own weight, and caused by the heavy 
weights that had been applied on the roadway. 

“On the 20th instant, the day being exceedingly favorable, with a 
spirit-level placed under the roadway, and resting on the iron stays at 
the central pier, I observed the deflections at these large openings 
produced by a load made up of two heavy engines near the centre, and 
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a number of trucks having their springs packed up, loaded with ballast, 
iron, X&c., making up an aggregate weight of 384 tons, or as large a 
weight as can possibly be brought on the viaduct, unless the train is 
made up of a larger number of locomotive engines. The staffs ob- 
served were placed at the centres of each opening, and midway be- 
tween the rails, and thus the deflections observed were the sum of all 
the deflections, including that of the cross girders carrying the road- 
way. 

* With the above load, the east tube, &c. (not previously tested), de- 
flected 1:14 ins. With the above load, the west tube (test already re- 
ferred to) 1:20 ins.; and when the weight was taken off there was not 
the least indication of a permanent set. I then tried to register the 
deflection caused by passing the whole of this load over the bridge at 
a speed estimated at 30 miles an hour; but the spirit-level did not 
remain sufficiently steady to allow of the staff being read, but vibrated, 
as might be expected, as the train passed. I regard these results as 
highly satisfactory, and, so far as my knowledge goes, I believe them 
to be greatly superior to anything of the kind that has been attained 
elsewhere, and accomplished at less expenditure of money and ma- 
terials. 

** With a load of 1 ton per foot run, and not deducting for any por- 
tion of the ends of the tubes immediately resting on the piers, I esti- 
mate the amount of the strain on the trussed tubes at about 4°2 tons 
per square inch of section, and allowing 170 tons as the amount of this 
superincumbent weight not in any way trying the tube, the strain would 
be reduced to about 3°8 tons per square inch. 

‘The strain per square inch of section for the girders over the land 
openings is also in all cases less than 4 tons.” 
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For the Journal of the Franklin Institute. 
Particulars of the Paddle-wheel Steamer Ly-ee-moon. 


Hull built by the Thames Shipping Co., Glasgow, from the designs 
of a Mr. Ash. Superintendent of construction, Captain Hill. Engines 
were originally designed by Mr. Taylor, with Messrs. C. J. Mare 
& Co., during the existence of that firm at the Thames Iron Works, 
Blackwall. At the period of their failure, they were sold to the owners 
of this steamer and placed by them into the hands of Messrs. Seaward 
& Co., of the Canal Iron Works, where they were completed under 
the direction of Mr. Brunel of that firm. They were set to work under 
the inspection of Mr. Robert Galloway, to whom the greatest credit 
is justly due for the success which has been achieved. Boilers by 
Messrs. Mitchell & Co., Deptford, from Mr. Galloway's designs. 
Owners, Messrs. Dent, Palmer & Co., long Kong, China. Intended 
service, Hong Kong to Shanghae. 
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Hvit.—Length at water line, 270 ft. 6 ins. Breadth of beam (molded), 27 ft. 3 ins. 
Depth of hold, 15 ft. 3 ins. Mean draft of water, 12 ft. Frames, of wrought iron plates. 
Tonnage, 1000 tons. Actual displacement, 1317-7 tons. Displacement per inch, be- 
tween light and load lines, 12°74 tons. Area of mid-ship section, 282-6 sq. ft. Masts, 
three, of iron, intended to have been made available for the purpose of ventilating the 
ship, but are only partially successful. 

Exaines.—T'wo.—Oscillating. Diameter of cylinders, 70 ins. Length of stroke of 
piston, 5 ft. 6 ins. 

Boiers.—Four.—Tubular. They are intended to work at a pressure of 25 lbs. per 
sq. in., and are fitted with Beardmore’s admirable super-heating apparatus. These 
boilers are capable of generating more than sufficient steam under every contingency. 

Pappte W urets.—Diameter, 22 ft. The reefing floats are 10 ft. in length by 4 ft. 2 
ins. in depth, giving 17 ft. 6 ins. diameter for the effective centres of floats, or 8 ft. 9 ins. 
from centres of wheel to centres of floats. They were constructed by Messrs. Seaward 
& Co., and are of great strength. 


ReEMARKS.—This vessel is intended, as stated above, for the China 
Seas, and is to be engaged in a trade in which the highest attainable 
speed, combined with economy of fuel, is rather the desideratum than 
cargo-carrying capacity. Her engine room is supplied with every 
modern contrivance for registering all manner of interesting facts in 
connexion with the performance of the engines, and telegraphs, clocks, 
counters, salinometers, &c., &c., are also there out of number. Silver's 
governor is fitted with the engine, and is said to work excellently. 
Messrs. James Taylor & Co.’s superior steam winches, with pumps com- 
bined, are to be seen on board in several places. 

Coal being exorbitantly high in China, everything that assisted to 
reduce the consumption which these powerful engines will require, has 
been introduced in connexion with the boilers, and among them is the 
admirable invention of Mr. Mitchell, for removing the scale and other 
deposits that collect upon the interior surfaces of all marine boilers. 

The speed attained by this steamer, during her first trial trip, was 
16 knots per hour in still water, and during her voyage to the ports 
of her intended service, a few months since, she joined the U. 8. Steam 
Frigate Niagara, and in a run from Puerto Grande to Hong Kong 
beat her sadly. 

The cause of the erection of the Ly-ee-moon, and the aim to pro- 
duce a vessel that could not be easily rivalled in speed, are summed up 
in the following: 

The house of Messrs. Dent, Palmer & Co., the owners of this vessel, 
is one, if not the most extensive China house in Hong Kong. Their 
trade is in opium, although exchange, insurance, and silks are osten- 
sibly their business. This firm have owned for years past the Vang- 
tsze, an American steamer 204 feet long, erected, as is well known, 
by Thomas Collyer, City of New York, and the machinery by the 
Morgan Iron Works. She plies between the same ports the Ly-ee- 
moon is destined for, carrying nothing but silks, opium, treasure, a few 
passengers, and the news,—principally, and almost entirely the latter. 
Captain Dearborn, who commands her, is an American, and receives 
all the perquisites for passengers, &c., for simply carrying the news in 
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advance of the regular mail, which he has never failed to do, from 
twelve to twenty-four hours. 

By this means of obtaining the news brought to Shanghae by the 
Oriental steamships from India and the entire Eastern Wor ld, Messrs. 
Dent, Palmer & Co. are enabled to realize many thousands of dollars 
every mail, which is regularly twice a month. 

The Yang-tsze would have continued to do all this business of ear- 
rying the news, &e., one steamer being sufficient, had not Messrs. Jar- 
dine & Co. (a rival house to Messrs. Dent, Palmer & Co.) constructed 
a steamer to beat the Yang-tsze, to be employed for the same purpose, 
To beat Messrs. Jardine & Co.’s vessel, the Ly-ee-moon was erected, 
with the view of getting the highest spec “lever yet obtained from a 
sea-going vessel, and in this respect it is highly probable that the con- 
struction of it has admirably succeeded. 

Before dropping this subject, a word or two more in relation to the 

steamer )’any-tsze may not be out of place. It is with much gratifica- 
tion we have learned that during her three years service in the China 
Seas, she has sometimes run right into the teeth of monsoons and ty- 
phoons, but always coming out perfe etly safe and sound, and never has 
failed in a solitary instance to anticipate the mail, She has never 
broken down nor had one dollar’s worth of repairing done to her whilst 
she has been running. Messrs. Dent, Palmer & Co. say that when they 
are done with her, they intend placing her in a glass case for exhibi- 
tion. ‘These facts reflect the highest credit upon its builders, and is 
another triumph for American ingenuity and American skill. 


E. B. 


Decision of the Hon. J. Dunlop, Chief Judye of the Cireuit Court 
District of ( ‘olumbia, reversing the Decision of the Commissioner of 
Patents, in the matter of the Application of B. C. Smith for Letters 
Patent for an Improvement in dron Pavements. lH. Llowson, 
Counsel for B. C. Smith. 


This is an appeal to me from the decision of the Commissioner, re- 
fusing a Patent to B. C. Smith for In provements in Lron Pavements, 
Mr. Smith does not claim ‘fastening the plates or blocks of iron 
pavements by mortises and tenons or dowels, or their equivalents ;” 
but his claim is in fact limited to a mode of laying such blocks of iron 
pavements as follows, to wit: An iron pavement composed of a series 
of plates laid a given distance apart from each other, and having pro- 
jections and recesses so proportioned to that distance that the plates, 
when undisturbed, may form an unyielding pavement, and that one of 
the plates may be readily removed after a slight lateral movement of 
the adjacent plates , as herein set forth. 

The question presented on this appeal lies within a very narrow 
compass. Mr. Smith claims to have invented a mode of laying pave- 
ments of iron, by which, without disturbing the body of the pavement, 
particular plates may be taken up and replaced at small cost, to lay 
down and repair in cities and towns, underground sewers, water and 
gas pipes. 
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Heretofore the iron plates, as shown in the references given by the 
Office, have been laid iron to iron, fastened together by tenons and 
mortises, so as to fit close, and therefore costly, and difficult to get up 
without fracture when the purposes above referred to called for their 
removal. 

Smith’s mode is to lay the plates about an eighth of an inch apart, 
and to proportion the mortises and tenons to that distance, filling up 
the interstices with sand, gravel, or earth, making, when so filled up, 
an equally solid and compact pavement. When a plate or plates are 
desired to be removed, the sand or earth in the interstices of the 
adjacent plates is picked out, which gives room by lateral pressure to 
take up the plates desired to be removed, without fracture of the plate 
or tenons, so as to get at the ground below, for laying or repairing 
sewers, Water or gas pipes. 

It is not denied by the Office that this contrivance is useful. Smith, 
it seems, offered to prove it, which was not insisted on, and its utility 
is apparent on inspection of the papers, models, and drawings. The 
Office refused to patent it, and the argument in substance of the Board 
of Appeals is, That the thing was obvious and within the reach of or- 
dinary mechanical skill, and further, the elements were all old and 
well known. 

This argument is answered by the fact that, though iron pavements 
have been introduced and patented as early as the year 1815, no such 
device, though useful, has heretofore been contrived by any mechanic 
who has laid such pavements. 

That can hardly be said to be obvious which has taken so long a 
time to find out. 

l agree, it is sometimes difficult to determine where ordinary me- 
chanical skill ends and invention begins. 

The best practical principle to guide the Office is that laid down by 
the Courts of Justice, and which must he regarded as settled Patent 
law:—That where the combination of known elements produces new 
and useful results to the public not before attained, then the person 
who discovers and applies the combination is the inventor within the 
true intent and meaning of the Patent law. [refer to Prouty & Mears 
vs. Draper, Ruggles, et al., 16 Peters, 336; Godson & Burke’s Law 
of Patents and Copyrights, 63; Many va. Geo. W. Lizer et al., D. C. 
Mass., in Jan. T., 1849, referred to in Commissioner Holt’s decision 
in Phelan’s case; Curtis on Patents, Sec. 24, 73, 94; Ryan vs. Good- 
win, 38 Sumner’s Report, 514, 518 ; my own decision in the case of Al- 
burtus Laroue, 5th March, 1860. 

The Commissioner in his answer to the reasons of appeal says: 
“Now it seems to me clear, that it is not patentable at this day to lay 
blocks of any material, to be held together by known fastenings at any 
given distance from each other, for any purpose.” 

lhis asserts the doctrine, if I rightly understand the Commissioner, 
that no combination of known elements of invention applied in a mode 
not before practised, however new and useful the results produced by 
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such combination, is patentable. The authorities I have cited are not 
in harmony with this position. 

Again, the Commissioner in the same paper says: “ The determined 
distance at which the plates shall be placed from each other, so that 
the change in this distance shall permit the removal of one or more, 
is a mere.arbitrary measure adapted to the particular oceasion ; but to 
my mind this adoption of a determined distance to isolate a single plate 
of the series, is not an invention within the meaning of the Patent law, 
and derives no patentable novelty from its relation to the mode of fast- 
ening selected.” 

But the determined distance is not arbitrary, it is deliberate, and 
designed by the applicant, Smith, for attaining a useful purpose. 

It i is not adapted to the particular occasion only, but is meant for all 
occasions and all times where iron pavements are to be used; and whie- 
ther it is patentable or not, I think, depends upon the question, whether 
the results produced are new and useful, and valuable to the public. 

As these results are so new, useful, and valuable, 1 can see no reason 
why Smith should be denied a patent. He ought not to be so denied 
because his invention is simple. In the case of Ryan vs. Goodwin, 
Judge Story said: ‘The combination is apparently very simple. The 
simplicity of an invention, so far from being an objection to it, may 
constitute its great excellence and value. Indeed, to produce a great 
result by very simple means before unknown or thought of, is not un- 
frequently the peculiar characteristic of the very highest class of 
mninds.”’ 

I sustain the Appellant’s reasons of appeal, and do, this 21st De- 
cember, 1860, reverse the decision of the Hon. the Commissioner of 
Patents of the date the 50th August, 1860. And I do further, this 21st 
of December, 1800, adjudge that a Patent be issued to Barzillai C 
Smith for the Improvement i in Iron Pavements, as claimed by him. 

I return herewith to the Office all the papers, models, and drawings, 
with this my Opinion and Judgment, this “1 st December, 1860. 


Jas. Duniop, Ch. Judye. 


Translated for the Journal of t Franklin Institute. 
On the Cementation of Iron. By M. i. C. ARON, Captain of Artillery. 


The processes in use in the arts for the cementation of iron, vary as 
to the nature of the cement, but all agree in the mode of operating: 
the piece to be cemented is put into a sheet iron box and surrounded 
by charcoal dust or soot, or charred leather or horn. Each mode is 
praised by those who employ it, but the explanation of the fact itself 
has hitherto remained unknown. While trying to explain the pheno- 
enon, it occurred to me that the combination of the iron and carbon 
could only take place by means of a gaseous carburet, which might 
penetrate into the pores of the iron dilated by the heat, ‘and there de- 
posit its carbon. Now it appeared to me, that from the very nature of 
the cements, this compound must be a cyanide. In order to determine 
this, I made the following experiments : 
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The apparatus which I used consisted of a porcelain tube filled with 
charcoal in pieces of about 1 centimetre cube (0-064 cub. in.); along 
the axis of the tube was placed a square bar of iron, which was thus 
entirely surrounded by charcoal. This tube was placed in a reverbera- 
tory furnace, and heated with coke. When the apparatus was thus 
arranged, I passed through the tube heated to redness, successively, 
hydroge n, carbonic oxide, nitrogen, air and pure carburetted hydrogen. 
In no ease after two hours of ‘heating did I obtain any cementation: 
sometimes, in a few places, the surface of the iron was a little harder; 
but in every case, the superficial cementation could be attributed to 
the impurities of the charcoal or the gas, 

When dry ammonia was passed through the tube, the result was dif- 
ferent: the cementation was then rapid and excellent. After a two 
= heat, the bar withdrawn from the tube, immediately tempe red, 
then hammered to close the crain, then re-te mpere “l, showed in its 
fracture a cementation of 2 millim. depth (0-08 in.), perfectly regular, 
and with a magnificent grain. ‘To what cause was the cementation to be 
attributed ? Evidently to the action of the ammonia on the charcoal: 
these two bodies at that temperature must have formed a gaseous cya- 
nide of ammonium, which gave up its carbon to the iron and gave rise 
to the steel. 

But this was only an hypothesis ; I desired to establish directly the 
action of the cyanide of ammonium. For this purpose, I removed the 
charcoal in the porcelain tube, leaving the iron bar in the axis and 
supported at its ends. I prepared the cyanide of ammonium in a re- 
tort, and passed it through the porcelain tube while red hot. After 
heating for two hours, the bar was withdrawn and treated as before ; 
it was perfectly cemented, and the end at which the gas entered was 
more so than the other. I therefore thought that I might conclude 
that in these experiments, the cementation was caused by the cyanide 
of ammonium. 

It was not proba le that the cyanide of ammonium should alone have 
this property ; it was more like ly that the other alkaline cy anides would 
act in the same way. The temper by the prussiate well ‘known in the 
arts was a proof of this; unfortunately in this case, the cementation, 
Which is only superficial, cannot be compared with the other. 

[ had therefore to employ other means to succeed in establishing 
the cementation by the alkaline cyanides. 

My apparatus was arranged as before; the charcoal was soaked in 
a weak solution of carbonate of potassa; and I passed through the 
tube heated to redness, a very slow current of dry air. It is known 
that under these circumstances cyanide of potassium is formed, which 
is sensibly volatile at ared-heat. It was on the formation of this 
substance that I calculated to cement the iron. In fact, after two 
hours heating the bar showed a magnificent cementation of a depth of 
2 millimetres. 

Soda, baryta, and strontia cement nearly in the same way under the 
influence of a current of air. As to lime, it produced, as I expected, 
ho cementation. 
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All the recipes in use for the cementation of iron may be explained 
by the formation of cyanides. The charcoal used always contains po- 
tassa or soda; the animal matters which are added, bring with the alkali 
the nitrogen which is to transform it into a cyanide. 

In fine, it seems to me that these experiments show irrefutably that 
in order to obtain a rapid and deep cementation, the formation of th 
alkaline cyanides should be promoted in the charcoal surrounding the 
iron. ‘The application of this truth will be very easy in the arts. We 
may perhaps be able, by this means, to diminish very much the tim 
necessary for the process, and thus keep a much greater tenacity in 
the mass of the metal which the cementation has not reached. 

Annales de Chimie et de Physique, October, L860, 


On th Melting-points of some of the Elem nts. By WILLI AM Cr sS- 
LEY, Assay Master, Ormesby Ironworks, Middlesboroug! 


wile 


From the Lond. Chemical News, No 


It is remarkable that in almost all the series or groups of thie ele- 
ments mentioned by Mr. Coleman there appears to exist a peculiar 
relation between the atomic weight and the melting point, which toa 
certain extent confirms his opinion that the equivalent number of an 
clement expresses a certain amount of force, modified by its atomic 
volume. As an illustration we will take the group zinc, palladium, 


platinum. 
At. Weight. At. Vol. Melting P 
Zine, , 57 773° F. 
Palladium, ° ty 5 Hlichest heat of wind fu 


‘ 
| 7 Oxybydrogen blowpipe. 


latinum, . 5 
Here we have a group of elements having a like atomie volume wit] 
an increasing atomie weight, not only decreasing in active chemical 
attraction, but decreasing in fusibility as the weight of the atoi i 
crease. Does the atomic weight here represent a force? We thi 
so, because it appears general. Let us pass on to some other grou 


At. Weight. At. Vol. 

Sulphur (erystallized), 16 101 

Selenium, ° 40 101 

Lead, ° 103-7 114 

Silver, 108 128 

Gold, ° 197 1238 

Chlorine (liquid), 35° 320 Gaseous at com. temp. 

Bromine, . ' 320 Liquid do. 

Iodine, é p 320 Solid do. 

Aluminium, 66 Red heat. 

Chromium, 7 66 ) Agglomerate but not fuse at 

Molybdenum, 46 66> the highest heat of the wind 

Tungsten, 95 66 § furnace. 

Ilere we have four groups, in each of which the elements having 
the least atomic weight offer the least resistance, not only to the ac- 
tion of other elements, but also of heat. In so many groups, taken, 
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as it were, at random, it cannot all be accident. There are, however, 
exceptions: we find them in the groups 


At. Weight. At. Vol. Melting Point. 
Manganese, 27°6 Ad Highest heat of wind furnace. 
Iron, e 238 44 = “ 
Cobalt, 29 44 ad “ 
Nickel, ° 29 44 “ “ 
Copper, 32 14 1996° F. 
Phosphorus, 33 211 111° 
Antimony, ‘ 129 224 Red heat. 
Bismuth, . 213 270 507° 


Manganese and iron, and perhaps cobalt and nickel, follow this law, 
but copper varies very much; for this we can see no reason. Phos- 
phorus and antimony follow the law, but bismuth comes between. 
What can influence it? Look at its atomic volume; it differs 59 from 
that of phosphorus. We cannot, therefore, be much surprised at its 
having a different melting point. 

These facts support Mr. Coleman’s views. The subject is interest- 
ing and well worth discussing. 


Translated for the Journal of the Franklin Institute. 

Mathematical Theory of the Dynamical Effects of Heat given toa 
Permanent Gas.* By M. J. Bouraet, Professor of Mathematics 
in the Faculty of Sciences at Clermont. 

Up to the present time, the theory of the motive power of heat has 
been treated, by assuming @ priori the following propositions :— 

It is absurd to admit the possibility of creating either moving force 
or heat. 

Heat cannot be made to pass from a colder to a warmer body. 

In all cases where mechanical work is produced by heat, there is a con- 
sumption of a quantity of heat proportional to the work done ; reciprocally, 
this quantity of heat may be represented by a quantity of mechanical work 
equal to that before spoken of. 

[am about to undertake the same subject in a different way, con- 
fining myself to the case in which a permanent gas is the vehicle of 
the heat. 

It seemed to me that if the principles above mentioned are true; if 
it be true that heat and mechanical work may be regarded as homo- 


* Works to be consulted on the question of the Mechanical Equivalent of Heat :— 
Jour 


ULE.— Memoir on the heating eflects of magneto-electric currents; and on the mechanical 
equivalent of heat. Annales de Chimie et de Physique, Tome XXXIV. 
JovuLe.— On the mechanical equivalent of heat. 
Mu. W. Tuomson.— Examination of Carnot’s theory of the motive force of heat. 
CLAUSIUS On the motive force of heat. Annals de Chimie et de Physique, Tome XXXYV. 
QuINTUs IcILIUs.— Memoir on the numerical values of the constants which enter into the expression 


for the heat disengaged by currents.— 
Annales de Chimie et de Physique, Tome LI. 


CLavsivs.— On the motive force of heat, and on the laws resulting from it.— 

Bibliotheque Universelle de Geneve, Tome XXXVI. 
Mr. W. Taomson.— Two memoirs on the dynamic theory of heat.— 

Liouvsle's Mathematical Journal, Tome XVII. 
Reecu.— General Theory of the dynamical effects of heat.— 


Journal des Mathematies, Tome XVIII. 
See also the memoir entitled “ A new system of Air Engine, deduced from a comparison of the systems of 
MM. Ericsson and Lemoine,” by M. Reecu. 
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geneous, and capt able of being transferred the one into the other ] y 
equivalents ; if, in one word, perpetual motion is impossible for hot- 
air engines as for others; this ought to be demonstrated, starting from 
known physical laws, and the formule deduced from these laws. | 
have not been deceived in my hope; and the mechanical equivalent 
of heat will here be seen deduced from the laws of Mariotte, Gay- 
Lussac, Dulong, and Regnault. 

In another essay, in ‘collaboration with M. Burdin, I studied the 
air machines, using the formule of Poisson which connect the pres- 
sures, densities, and temperatures of a given mass of gas, compressed 
or dilated, without being directly heated or cooled. Many of the co 
sequences here noticed flowed from these formule. But it was not 
without hesitation that I assumed the formule of this illustrious ma- 
thematician as my base; the reasoning by which they were reached 
does not appear to me free from objection. 

I have happily succeeded in removing this difficulty, and I have 
found a new and very simple demonstration of the same formule, 
which clearly shows the only hypothesis necessary to arrive at them. 

Although confined to permanent gases, my analysis appears to 
me to give a certain degree of probability to that fruitful and sedue- 
tive conception, the homoge neousness of the natural agents. Is it 
not, in fact, a thing well worthy of attention, that laws and formula 
found without any pre-occupation with the new principles, implicitly 
contain them ? 

Section 1.—Definitions and Preliminary Formule. 

Mathematical Representation of the State of a Gas. 

Three quantities determine completely the state of a permanent 
gas: its elastic force (p); its volume (v); and its temperature (t), 
We shall express its pressure in kilogrammes per square metre ;* its 
volume will be referred to the cubic metre, and its temperature mea- 
sured in centigrade degrees. To fix the ideas, we may, in what follows, 
suppose the gas enclosed in a cylinder of a square metre cross section 
beneath a movable piston without weight, and always loaded with 
a pressure equal to its own elastic force. 

Between these three variables, p, v, and ¢, there is a relation result- 
ing from the laws of Mariotte and Gay-Lussac combined ; for by de- 
noting by py, ¥), and ¢, the values of these variables for another stat 


. 
De ER 3 Ss ; whence, pu=m(1-+ at) (1 
+at 1+ at, 
m being a constant, and a the co-efficient of dilatation, which is sen- 
sibly constant for all the gases. ‘To determine m, make t, =0°, call 
H the normal pressure of 0-76 referred to the square metre, and let us 
suppose that we are considering one cubic metre of gas at this pressure 
and temperature; then we shall have m = H = 10,333 kil.; whence 
we obtain, pu=u(1 +at). 2 
*The French units have been preserved in this translation. The kilogramme is 2-2047 ths; the cul 
metre is 35°352 cub. ft., or 1331 cub. yds. The square metre is 1196335 sq. yds., or 10°767 sq. ft. The 


tigrade degree is equal to 18 Fahrenheit degrees. The millimetre is 0°059354 ins. whence, 0°76 mil. 
29°95154 ins. The normal pressure used in England and in this country is 30 inches. 


of the gas, we have, 


, 
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This is the form which we shall use in the subsequent calculations. 
According to equation (2), it is sufficient to Fig. 1. 
know the two quantities Pp and v, in order to Pe 
know the state of a gas. Let us then trace two / 
rectangular axes, and let us take the volumes 
as the abscissas and the pressures as ordinates. 
It is evident that any state of the gas will be 
represented by a point such as A; a series of 
different states infinitely near each other will , 
form a curve such as AB; if this curve re-en- ® ¢g v 
ters itself and returns to its point of departure, it will form a closed 
( ireuit. 


if we assume pv =u(i +at)=const. = 9, (3) 


we obtain a hyperbola having hy as ymptote s the axes of co-ordinates; 
any point in this curve represents a state of the gas for which the 
temperature 1s constant. 
. Expenditure of Heat in describing a rectangular closed circuit. 

L et A (pv) be the initial state of a gas; by 
lines parallel to the axes, trace the closed cir- : 
cuit, ADBCA; cause the gas to pass through the _ py a?" 
different states which correspond to this circuit 
described in the direction of the arrow, and let 
us seek for the heat expended. 

1. While the gas is passing from A to D, it is 
being heated under ee ee volume; the tem- J 
perature ¢, is given by the formula p’ v = . - ¥ 
H(i +at, ), which, combined with pesu(t + al), gives (p’— p)v= 
Ha (t.— t). 

The expenditure of heat will be q=Dc' (t’—1?), 
D denoting the weight of a cubic metre of air at 0°, and e’ the speci- 
fic heat under constant volume. 


D 
a 

While the gas passes from the state D to the state B, it is being 
he ooh unde x constant pressure ; the temperature t’ is given by the 
formula p’ v’ = H(1 + a?’), which combined with p’v = H(i + at, \ 
gives p’ (v’—v) =n a(t’—12); the expenditure of heat is ¢, =pDe(t’ cll 
c being the specific heat under constant pressure. 


rs substitution, this expression becomes g = ‘u(p'—p). (4) 


oe ee D ss 
This formula becomes by substitution, g,= ‘ 7 oP (v’—v). (5) 
3. While the gas passes from the state B to the state c, it is cooled 
under constant volume; its temperature te is given by the formula 
pv'=—u(t + at,), which combined with p’v’ = H (1 - al’), gives 
(p 1—p)v! = Ha(t/—t,). The heat obtained will be q = ve’ (t’—t. 5); or 


D . 
ef“. c’ v' (p’— p). (6) 


4. Finally, while the gas passes from the state c to its primitive 
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state A, it cools under constant pressure; its temperature again he- 
comes t given by the formula pv = (1 + at), which combined with 
pv’ =—Hnati + al, ,), gives p(y’—*) -Ha(t,—l). 
rt ] , — ) ieieen , 
a heat obtained will be g’/,= De (t.— ¢) or by substitution, 9g’, 
) 
ep (v’—v). T 
na °P' ) \') 
In fine the expenditure of heat will be 
— a D , / , \ ! , 
@=ItG= Ha Le’ v (p’—p) + ep’ (v’'—»)] 


the heat obtained will be 


D 
, ; , 
Q’ = + ¢ = . 
t 11 a 


[-" 0” (p’—p) + ep (v' —a)] 

The whole expenditure will therefore be 

Qa— Q = ant —c)\p —p) \v —v) 

As this quantity cannot be equal to 0, we reach this remarkable 
result: 

When a gas leaves any given state, it cannot return to it, afler fol- 
lowing a rectangular circuit of successive states, without the disappear- 
ance of a quantity of heat which is proportional to the surface (p' — 
p) (v'’ —v) of the circuit. 

3. Remark 1st.—The preceding law proves that the quantity of heat 
necessary to pass a gas from one state A, to another B, depends not 
only on these extreme states, but also on the intermediate ones. It is, 
I believe, the first time that ‘this truth has been shown by deducing it 
from the admitted laws of the action of heat upon the gases. In fact, 
I find in a condensation of the work of Clausius, by my friend M. Ver- 
det (Annales de Chimie et de Physique, tome xxxv, p- 483), the fol- 
lowing passages :—‘* When a gas passes from the temperature ¢, and 
volume v,, to the temperature ¢ and volume 2, it is generally admitted 
that the heat which it gains or loses depends only on the initial and 
final values of the temperature and volume. This is impossible if there 
be an equivalence between the mechanical work and the heat.”’ 

We see from the above process that it is not necessary to invoke 
any new principle for the purpose of proving this impossibility. 

4. Remark 2d.—We might have followed the circuit in the op posite 
direction; there would then have been gain instead of Joss of heat, 
and the quantity gained would still have been proportional to the area 
AcBD. 

5. Remark 3d.—Our reasoning shows that aee’ depend neither 
on the temperature nor on the pressure. M. Regnault has established 
that a and care subject to this law. As to ce’ its determination is more 
difficult; MM. Gay-Lussac and Welter deduced from their experiments, 
that the ratio (y) of these two specific heats is sensibly independent of 
the temper ature and pressure, in the case of the atmosp yheric air; and 
it follows that ec’ must be nearly invariable also.* 


* At the same time, we do not think that much confidence should be given to this result. We shall there- 
fore make no supposition as to c’, but shall place ourselves in such limuts of temperature and pressure, as to 
allow c’ to be considered co instant as well as a ond ¢. 
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Remark 4th.—If the point B is indefinitely approximated to a, 
the expenditure of heat approaches zero. In other words, to pass 
from the state A to another B infinitely near it, the same amount of 
heat must be expended whether you follow the route AcB or ADB. 
The two expenditures are, omitting an infinitely small quantity of the 
second order, 

q=. P- (c'v dp-+epdvr). 
H@ , 
7. Effective work of the gas in describing the rectangular circuit. 
Supposing, as we have done, the gas to be in a cylinder of a square 
metre of cross-section, and under a piston always equilibriated. It is 


seen that the effective work along the path A BD is w = p’ (v’ —»). 
The resistance through the path Be A is w’: P (v’ — v). 
Then the effective work of the gas through the whole of the closed 
circuit is w—w’ = (p’ — p) (v yy) 


and is therefore represented by the area of the rectangle formed by 
the circuit. 

EKleme ntary Demonstration of the Principle of the Eyjuivalent. 
lf we compare equations (10) and (14) we deduce 


The co-cfl 


icient under the vinculum is constant for the same gas, for 


i a 
¢ pressures and temperatures used. Letus make then E= 


an d we Sl hall have 


Therefore, ‘The quantily of heat lost is proportional to the effective 
done, and reciprocally ; so that to each calory* lost, corresponds an 
effective work produced equal to E*™-, 

Therefore without disquieting ourselves to know what heat is, we 
may at all events say, that every thing takes place as though heat trans- 
formed itself into mechanical force at the rate of u*™ for each calory 
lost. 

This number E may be called the mechanical equivalent of heat * 


Q- 


assuming HW = 10°333 k; a= 0-003665; p= 1292187; ¢e= 02577; 


7 , = 1-41 (Masson). We find in round numbers £ = 424 kilo- 


c 


worl, 


a _— netres.7 

. Remark 1st.—This number necessarily presents some uncertain- 
ty, since physicists are not all agreed as to the value of y. This is the 
reason that we have only assumed only the whole pusbers. 

10. Remark 2d.—If' the closed circuit had been described i in the 
opposite direction, the work would have been resisting in place of 
effective ; nevertheless the formula would not have changed and we 
should have reached the following conclusion : 


* A ealory is an unit of heat; as for instance the quantity of heat necessary to raise 1 kilogramme of a gas 
one degree of temperature. 


+ This, in English measure, is 773 Ibs. raised one foot high per degree Fahrenheit. 
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“¢ The heat produced is proportional to the resistance of the gas in the 
proportion of &*™ for each calory.” 

The first proposition includes both cases, provided we admit once 
for all, that a negative quantity of heat lost is that quantity of heat 
gained; and that a negative quantity of work done represents that 
qu: antity of resistance. 

11. Remark 3d.—The demonstration which we have given of the 
transformation of heat into mechanical work, in this particular case, 
may be introduced into the elements of Physics; it moreover shows the 
method to be followed to verify experimentally the truth of all our con- 
siderations. 

In fact: either first there is an equivalent of heat, and in that ease 
the number E is mathematically constant; then for all the gases we 
shall have aw. = const. = 


D (c— c’) 


and this law is mathematical. Besides, as a is sensibly the same for all 


ol 


1 
we must have D (e—c’) = De ( 1—- 


) == Const. 


i 

Therefore: in different gases, the differences of the two specific heats 
for the same we ights, are inversely as their densities: or taking the 
specific heats of equal volumes; the difference of these specific heats is 
the same for all the gases. 

Moreove T, Dulong proposed this law that equal volumes of different 
gases require the same quantity of heat to raise them the same num 
ber of degrees; this is the law of the specific heat of atoms. There- 
fore Dc = constant for a certain number of permanent gases; there- 
fore for all these y = constant. 

For the same gas, the absolute invariabi ility of E requires the inva- 
riability of e—c’, and conseque tly that of c’, since ¢ is nearly inya- 
riable; and consequently that of y 

Or else, secondly, the equivalent £ does not exist in the sense assumed 
by Clausius, Joule, Seguin, &c. In this case our formula will still re- 
main for small intervals of temperature and pressures; but for every 
different interval the co-efficient Bis different. In this case E 
function (p. t.), and the preceding conclusions do not stand. 

Thus we see ¢ that if we should succeed in proving that the ratio is 
constant for the same gas, we should have made an important verifi- 
cation of the existence of a mechanical equivalent of heat. 

Our calculations show plainly that this hypothesis of the invariabi- 
lity of y necessarily leads to the admission of the transformation of 
heat into mechanical work. This is the reason that this may be 
deduced from the formulz of Poisson, which only assume this invaria- 
bility. 

* All these results were found by Clausius, as consequences of the hypothesis made a priori that ther 
was a mechanical equivalent of heat. 


For the Journal of the Franklin Institute. 
Particulars of the Steamer Louisiana. 


Hull and machinery by Harlan, Hollingsworth & Co., Wilmington, 


Del. 


Hvcii.—Length on deck, 147 ft. Do. at load line, 140 ft. Breadth of beam (molded), 
27 ft. Depth of hold, 8 ft. Do. to spar deck, 15 ft. 6 ins. Length of engine and boiler 
room, 35 ft. Frames—molded, 3 ins.; sided, } in.—apart at centres, 16 ins. Sketch of 
shape, |; depth, 3 ins. 9 strakes of plates from keel to gunwale ; thickness of plates, 3 
and 5-16 in. Description of cross floors,8 TT, 14 ins. high. Depth of keel, 4. Diameter 
5 


of rivets, f in., double riveted. One independent steam, fire, and bilge pump. ‘Two 


bulkheads. 8 fore-and-aft keelsons, 14 ins. highx# in. thick, T. Draft, forward and aft, 


7 feet. Tonnage, 353-45. Area of immersed section at load draft of 7 feet., 160 sq. ft 
Displacement at load line, 438 tons. Masts, three.—Rig, schooner. 

Exains.—Inverted direct-acting. Diameter of cylinder, 32 inches. Length of stroke, 
2 feet 4 ins. Maximum pressure of steam, 30 lbs. Cut-off at half-stroke. 
revolutions at above pressure, 84. Weight of engines, 43,334 Ibs. 


Maximum 


Boiter.—One—Return flued. Length of boiler, 18 feet. Breadth of do., 7 ft. 9 ins. 
Height do., exclusive of steam chimney, 7 ft. 3 ins. Weight do., with water, 35,760 Ibs. 
Number of furnaces, two. Breadth do., 3 ft. 4 ins. Length of grate bars, 5 ft. Num- 
ber of flues, above, 16; below, 10. Internal diameter of flues, above, 64 ins.; below, 
2 of 16 ins., 8 of 8} ins. Length of flues, above, 13 ft. 4 ins.; below, 10 ft. 10 ins. 
Grate surface, 34 sq. ft. Heating surface, 843 sq. ft. Diameter of smoke pipe, 3 feet. 
Height do., above grates, 33 feet. Consumption of fuel per hour, 560 Ibs. 

Proretters.—Diameter of screw, 8 ft. 2 ins. Length do., 4 feet. Pitch do., 15 feet. 
Number of blades, four. 


Date of trial, December, 1860. C. H. I. 


For the Journal 


if the Franklin Institute, 


Particulars of the Steamer ITan-kow. 


Hull built by Thomas Collyer. Machinery by Morgan Iron Works, 
New York. Owners, J. M. Forbes & Bros. Intended service, Coast 
of China, 


Hvutt.—Length on deck, 212 ft. Do. at load line, 210 ft. Breadth of beam (molded), 
30 ft. 6G ins. Depth of hold to spar deck, 11 ft. 4 ins. Frames—molded, 14 ins.; sided, 
7 ins—apart at centres, 27 ins. ; strapped with diagonal and double laid braces, 34 x 
din. Tonnage, 717. One independent steam, fire, and bilge pump. Area of immersed 
section at load draft of 7 feet, 176 sq. ft. Displacement at load line, 725 tons. Masts, 
two—schooner rigged. 

Excixe.—Vertical beam. Diameter of cylinder, 48 inches. Length of stroke, 12 ft. 
Maximum pressure of steam, 30 lbs. Cut-off at half-stroke. 


Borters.—T wo—Return tubular Length of boilers, 20 feet. Breadth do., 11 feet. 
Height do., exclusive of steam chimney, 9 ft. 6 ins. Number of furnaces, two in each. 
Breadth do., 4 ft. 9 ins. Length of grate bars, 7 feet. Number of tubes, above, 64 ; 


ee 


ws . 
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flues, below, 10 in each. Internal diameter of tubes, above, 5} ins.; flues, below, 8 of 
124 and 2 of 15} ins. Length of tubes, above, 14 ft.; flues, below, 7 ft. 10 ins. Grate 
surface, 133 sq. ft. Heating surface, 4500 sq. ft. Diameter of smoke pipe, 5 ft. 10 ins, 
Height do., above grates, 32 ft. Consumption of fuel per hour, 740 Ibs. 

Pappte Wurets.—Diameter over boards, 29 ft. Length of blades, 8 ft. Depth do., 
24 ins. Number do., 26. 


Remarks.—Water-wheel guards fore-and-aft, half width. 
Date of trial, January, 1861. C. H. HL. 


For the Journal of the Franklin Institute. 
. . ’ ry ’ 
Particulars of the Sleamer Thomas Freeborn. 


Tull built by Laurence & Foulke. Machinery by Allaire Works, 
New York. Intended service, New York Harbor and Coast. 


Hvuii.—Length on deck, 143 ft. Do. at load line, 140 ft. Breadth of beam (molded 
25 ft. Depth of hold to spar deck, 9 ft. 


Frames—molded, 14 ins., sided, 5 ins.—apart 
at centres, 16 ins. 


One independent steam, fire, and bilge pump. Draft, forward, 5 ft. 


Area of immersed section at load draft of 6 ft., 127 sq 


|. 


6 ins., aft, 6 ft. Tonnage, 305. 
ft. Displacement at load line, 345 tons. 

Enatxe.—Vertical beam. Diameter of cylinder, 40 ins. Length of stroke, 8 feet. 
Maximum pressure of steam, 30 lbs. Cut-off—one-half. Maximum revolutions at above 
pressure, 30. 

Boiter.—One—Return flued. Length of boiler, 22 ft. 


7 


Breadth of do., 10 ft. 3 ins. 
Number of furnaces, two. Breadth do., 
1 ft. 54 ins. Length of grate bars, 7 ft. Grate surface, 62 sq. ft. Number of flues, above, 


Height do., exelusive of steam chimney, 9 ft. 


16; below, 10. Internal diameter of flues, above, 94 ins. ; below, 2 of 19 and 8 of 12 ins. 


Length of flues, above, 15 ft. 3 ins.; below, 9 ft. Heating surface, 1457 sq. ft. Diame- 
ter of smoke pipe, 4 ft. Height do., 47 ft. 

Pappte Wueets.—Diameter over boards, 20 feet. Length of blades, 7 ft. 6 ins. 
Depth do., 24 ins. Number do., 14. 


Date of trial, January, 1861. C. H. I. 


For the Journal of the Franklin Institute. 


Particulars of the Steamers Suffolk Co., and King’s Co. 


Hull built by Roosvelt & Joyce. Machinery by Allaire Works, 
New York. Owners, East River Ferry Co. 


Hv.it.—Length on deck, 143 ft. Do. at load line, 143 ft. Breadth of beam (molded), 
32 ft. Depth of hold, at ends, 11 ft; at centre, 12 ft. 


EPA eee, Male 
ee i ae 


= bi 


Frames—molded, 14 ins., sided, 
6 ins.—apart at centres, 24 ins. One independent steam, fire, and bilge pump. Draft, 
forward and aft, 6 ft. 3 ins. Tonnage, 500. 


WER 


Area of immersed section at load draft of 
6 ft. 3 ins. 175 sq. ft. Displacement at load line, 555 tons. 
Excixe.—Vertical beam. Diameter of cylinders, 34 ins. Length of stroke, 9 feet. 
Maximum pressure of steam, 25 lbs. Cut-off, Sickel’s adjustable. 
Boiter.—One—Tubular return. Length of boiler, 21 ft. Breadth do., 10 ft. Height 


do., exclusive of steam chimney, 10 feet. Number of furnaces, two. Breadth do., 3 ft. 
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5ins. Length of grate bars, 6 ft. 6 ins. Number of tubes, above, 134; flues below, 8. 
Internal diameter of tubes, above, 3 ins.; flues, below, 15 ins. Length of tubes, above, 
17 ft.; flues, below, 8 ft. 8 ins. Grate surface, 46 sq. ft. Heating surface, 2400 sq. ft. 
Diameter of smoke pipe, 3 ft. 4 ins. Height do., 40 ft. 

Pappte Waeets.—Diameter over boards, 19 ft. Length of blades, 6 ft. 6 ins. Depth 
do., 24 ins. Number do., 18. 


Date of trial, December, 1860. C. H. H. 


Translated for the Journal of the Franklin Institute. 


Fabrication of Sugar. 


At the meeting of the Academy of Sciences of Paris held 14th Jan- 
uary, 1861, M. Dumas presented in the name of M. Emile Rousseau 
a memoir on a means Of purifying vegetable juices, applied to the 
making of sugar. In consequence of the immense importance of this 
work, we publish an extensive analysis of it, for which we are indebt- 
ed to the kindness of the author. 

In the juices of the saccharine vegetables, that of the beet being 
taken for an example, we find always two kinds of organic substances 
which oppose the extraction of the sugar. The first belongs to the 
group of albumenoid and caseoid matters. It undergoes all the modifi- 
cations which reagents exert upon the solutions of albumen and casein. 
The salts of lime, and lime coagulate it. But this latter, whether by 
its own proper alkaline action it dissolves a portion of the vegetable 
substance, and holds it in combination, as M. Frenay has lately shown; ~ 
or whether it liberates potassa or soda, causes the juices treated by it 
to remain always alkaline after the action of carbonic acid. These two 
effects are even found united, and there results from them a subse- 
quent change of the syrups, which is especially felt in the low pro- 
ducts of the manufacture of sugar. 

The second substance is a matter generally colorless as long as 
it remains in the cells of the plant; but very greedy for oxygen, 
coloring rapidly under the action of the air, modified very easily 
by oxidizing ¢ agents, so as to be either transformed into that well 
known brown ‘substance which appears, when vegetable juices are 
evaporated, or entirely destroyed. This substance, “indeed, when it is 
deprived of all the albumenoid matter, reduces by heat the salts of 
silver, the binoxide of mercury, &c. By,the action of this last mate- 
rial, the solution even takes the natural tint which the juice possesses 
after long exposure to air. 

These facts being established, the data of the problem of the simpli- 
fication of the making of sugar may thus be stated: We must find, Ist, 
a substance, generally but slightly soluble, having the power of coagu- 
lating all i SY substances, without any injurious action either on 
the sugar, or on the health; which can easily be withdrawn from the 
juice in case a certain quantity should remain in solution ; and finally 
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shall be of low price. 2d, Another substance, of an oxidating power, 
so to speak, limited ; which may by its action either destroy the color. 
ing matter or transform it into the brown substance and then absor) 
it; in short, shall add to this absorbing action the innocuousness and 
the low price of the former. 

Sulphate of lime in whatsoever state it may be, natural or artificial 
(raw or calcined plaster), is the substance which appears to me to fulfil 
all the above indications better than any other material which I have 
studied. It is neutral, a condition which I regard as indispensable: 
without action on the sugar, but slightly soluble: it unites to the con- 
ditions of harmlessness and low price, a most remarkable property of 
coagulating the albumenoid matters of vegetable juices, of that of the 
beet in particular. This property is such that it requires but a rela- 
tively very small quantity of its solution to produce this effect. The 
operation of defecation can therefore be performed under these excel- 
lent conditions, and with but a small quantif¥ of matter; the head is 
very firm, collects well, and the juice can be drawn off in a proper state 
of clearness. ‘The sulphate of lime therefore removes perfectly all 
coagulable matter, but does not touch the coloring matter, so that after 
the separation of the head, the juice soon colors deeply. 

Animal charcoal is almost without effect immediately after defeca- 
tion ; it removes only the matter which is already oxidized, for after 
its action, the juice whose coloration is much lessened, soon colors 
again. We want therefore an oxidizing agent which shall do in a short 
time that which the air produces at length, or which may so modify 
this substance as to destroy or absorb it. Among the numerous bodies 
which I have examined in reference to this point, and which I shall 
not now enumerate, the hydrated peroxide of iron presents superior 
advantages in all respects. 

Thus, after having removed by the sulphate of lime all the coagula- 
ble matters of a saccharine juice, if we agitate it either cold, or heated 
to a temperature which must never reach ebullition with hydrated per- 
oxide of iron, the filtered liquor passes altogether decolored, and purl- 
fied from almost all the foreign matters which it contained. Besides 
this, the peroxide of iron, by that property, which all chemists know 
it to possess, of absorbing the alkaline and earthy salts, removes the 
amall quantity of sulphate of lime which remained in solution. Thus 
the juice which after the defecation by the sulphate of lime, reduced 
the nitrate of silver, &c., causes no change in them after its contact 
with the peroxide of iron. : 

This juice when it comes from a plant in the normal condition, is, 
after this purification, perfectly neutral to test-papers, and may be 
kept in contact with the air for several days without undergoing the 
slightest alteration or coloration, which proves that all the matters 
which could act as ferments have been removed. It boils very well, 
and does not color even by the action of heat. The syrup when con- 
centrated to the proper point possesses only that slight yellow tint 
which belongs to the purest syrups. It tastes well, is deprived of the 
saline and disagreeable taste which we find in all beet-syrups, and 
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preserves a remarkable fluidity and limpidity. The crystallization 
takes place easily and the crystals are white. 

As a final proof of the good purification of the saccharine juice by 
this method, if we add to a boiled syrup a proper quantity of water to 
bring it back to 26° or 50° of the areometer, and in that state mix it 
with a large excess of alcohol at 90°, no cloudiness or deposit takes 
lace even after several days; it no longer retains a trace of iron. 

Henceforth, the making of sugar is reduced to these manipulations 
only: heating the saccharine juice in a boiler with some thousandth 
parts of sulphate of lime (natural plaster is the best) ; all the coagula- 
ble matters unite in a firm head ; the clear juice separated from this, 
is then stirred with peroxide of iron, After the separation of the 
oxide, nothing remains to be done but to evaporate the water ; that is 
to boil down. 

The hydrated peroxide of iron must be in the state of a firm paste. 
A litre (quart) weighs about 1145 grammes (24 lbs.) ; it contains from 
70 to 80 per cent. of water. The quantity to be employed varies with 
the juice; it is never more than 8 or 10 per cent of the juice, which 
amounts to 2 per cent. about of the solid matter, the rest being water. 
After its action on the syrup it takes a black color, shrinks and sepa- 
rates easily from the liquid. After it has been used, it is only neces- 
sary to wash it with warm water, after having left it exposed to the 
air, in order to give the organic matter which it has absorbed time to 
be destroyed, so that the deoxidized portion may take again the oxy- 
gen which it has lost. It may be used, as is seen, over and over again 
indefinitely, and requires but little expense for its regeneration. This 
fortunate property renders the question of the quantity to be employ- 
ed of but little importance. 

I will add in conclusion, that even now, its price is much below that 
of animal charcoal, for it may be supplied at 5 or 6f. per 100 kilog. 
(88 to $12 per ton), and this price will doubtless be much reduced 
hereafter. — Cosmos. 


For the Journal of the Franklin Institute. 

Strength of Materials: Deduced from the latest experiments of Bar- 
low, Buchanan, Fairbairn, Hodgkinson, Stephenson, Major Wade, 
U.S. Ordnance Corps, and others. By Cuas. H. Haswe xt, Civil 
and Marine Engineer. 

No. 6. 


(Continued from page 114.) 


Formule to Ascertain the Values and the Dimensions of Bars, 
Beams, &c., of Various Sections. (By Thomas Tredgold.) 


For a Square, Rectangle, Rectangle, the diagonal being vertical, and 
Cylinder, they are alike to those already given, substituting in the 
rectangles, for 6 d?, s°. 
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For a Grooved, or Double flanched, Open, and Single flanched beam 


they are as follows: 


Weight suspended from the other, 


Grooved. 


1. Fixed at one End. a 


BS 
lw 


2. Fixed at both Ends. 


Weight suspended from the middle, 


lw 


3. Supported at both Ends. 


Weight suspended from the middle, 


lw 


4. Supported at both 


Ends. Weight suspended 
at any other point than 
the middle, 


5. Fired at both 


Ends. Weight suspended 
at any other point than 
the middle. 


1. 1 


mnw 


== \ 
bd?m+n(l—qp) 


mnw 


. — = J 
bd?m+n(l—qp) 


Single flanched. 


lw 


bd (i—¢gp) = 


bd? (1 — qp3) - 


bd —qp) = 


bd?m+n (i — p*) 


bd?m+n (i — p) ‘a 


‘bd? (1 —qp) (1—4) 


(Y1—gpt Y1—yq) 


. lw 
bd? (i — p* 


. lw 
bd? (1 — p?) 


lw 


Vv , 
bd?(1—p3) . 


mnw 


mnw 


= Vv, 


an V. 


For the other conditions of a bar, beam, &c., use the 


9 

7 

4. same formula as the above, multiplying the Value ol 
4 | tained above by 6, 4, 1, and 1, 5 respectively. 


p and q representing as follows :—the other symbols as in the pre- 


ceding formule. 


depth of groove 


whole ‘depth of beam 


p 


whole breadth of beam — width of web 
——— - 


Wrovcuar Iron. 


whole breadth of beam 


Transverse Resistance from End Pressure applied Horizontally. 


- 7°5 feet in length; flanches, 6 X 3°5 inches X 625 thick; area, 5°5 sq. ins. 
(} 50,000 Ibs, produced no set. 


538,240 “ “ 


a set of 1°75 inches. 


Wuite Oak. 


“ “ “ 5 


a) 
“ “ “ 6 


“ it broke. 


Rectangle 10 feet in length, 11 « 4°5 inches. 
33,600 Ibs. gave a deflection of -375 inch. 
50,400 
67,200 

and with 78,400 


“ 
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mM 


duced to an uniferm measure of 


One inch in Depth, one foot in Length, and Supported at Both Ends. 
The Stress or Weight applied in the Middle. 


AREA OF FLANCHES - E 
SECTION OF x s 3 
‘ A = 
. GIRDER | aa 2 
on Beam. | = = 
; Sq. ins ©q- ins. Inch Inch. Inch. Sq ins. Feet. lbs ibs lbs 
f Equal area | | 
of flanch at | | 
top & bog, |1'75 © 42 (1-77 ~ -29 
735 “09 | 29 | S125 177) 282) 46) 6700; 30150 | 10768 
—_ | 
L do. = [203 ~ -5152-03 © -515 
1-045 1045 °50 | 204 203) 260 4 4004, 16016 6160 


“a | ) 1045 -51* 202 (202) 250) 4 2969; 10276! 3952 
{ Area of | 
| sec. of | | | 

Fans top & bot | | | 
as 1 to 2/174 x -26 1-78 “55 
| 45 98 | 30 | 5125 1-78 2-87 46 7460 33300 | 1156; 
SS 1 do. 
}aslto4 107 «30 2 "57 


} lvd4 “37 5125 | 2:27 276 46 S00 ¥9600 | 14347 
| 
| 
Q i 15 ) 
i 75 4 3 15 2 31 5208 16058 8029 


06330 S61 (23-9 |183°5 | 23°] 349440 |s060240 | 43058 
| ! 


’ 75 1 °5 4+ 15 1° 31 6480 19980 | 19980 


5600 33600 2800 


45300 | 528500 17617 


118 


11-88 | - 2508 208 [305 [114 | 908 | oF-0 174320 |1793800 | 52795 


* Horizontal Web, 


185 


TABLE OF THE TRANSVERSE Strencru or Cast Inox Ginpers AND Beams. 


Deduced from the Experiments of Barlow, Hodgkinson, Hughes, Tredgold, &c., re- 


of section. 


2750 
2650 
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700 
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Table oF THE Transverse Srrenatu or Cast Inox Girpers anxp Beans. 
(Continued.) 


Width of 
bea 


| 


Rectangular 
Prism, 


Square 
Prism, 
Y 
Por Stress at side, 


Cylinder, 
Square 


Prism, 


Angle up, 


Versed sine of 


Versed sine of 
arch, . Ss 


Comparative Resistance orn Strevora or Ginvens, Beams, &c., or Equan Sectioy- 


aL AREAS anv Deprtus. 
DESCRIPTION OF GIRDER OR Beam. 
Rectangular Beam, 


Grooved beam, top and bottom flanches of equal areas, of uniform 


thickness of metal throughout, and the depth three times the 
breadth (Tredgold), ° P i 


Single flanched beam, width of flanch five-twelfths of height, width 
of rib one-half the depth of flanch (Watt and Fairbairn), —. 


Open beam, the space one-half the depth, - 


Double flanched beam, area of top flanch, one-sixth of that of bot- 
tom; depth of top flanch, one-half of that of bottom; width of 
bottom flanch, one and a quarter times the depth of the beam 
(Hodgkinson), ‘ R : 1°66 
. tye ] . 
To ascertain the Transverse Strength, or the Loads that may b 
Lorne by Cast Iron Girders or Beams, of Various Figures and Nee- 


tions when Supported at Both Ends, the Load applied in the Middle. 


When the Neetion of the Girder or Beam 72 that of a Reet ingle, t 
Grooved, Open, Single or Double fl th de d Beam. 
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Rvu.e.*—Ascertain the resistance or strength of the rectangular 
solid, the dimensions of which are the depth and the greatest breadth of 
he beam, and subtract from it the resistance which would be offered 
by that part of the beam which is wanting to make it an uniform solid. 


Notre.—This rule is applicable to all cases when the flanch of the 
beam having the greatest sectional area is set below, when the beam 
rests upon two supports or is fixed at both ends, or set above when the 
beam is fixed at one end only. 

When the case differs from this, an increase of metal, obtained by 
a reduction of the Value of it, can be estimated for the result of the 
resistance per square inch of section of beams, of various sections in 
Table, page 185, 6. 

Exampie.— What is the load that will break a Hodgkinson beam, of the following di- 
mensions and 10 feet in length between its supports, the load applied in its middle? 

‘Top flanch, ‘ ° , 7X 1° inch. 
Bottom flanch, ° ° . 2lix 2 “ 
Width of rib, ‘ ° ° ‘8 
W hole depth of beam, 21 
Area of whole section, 63-4 
Dimensions of rectangle . 21 x 21 
Hence, 212 K 21 . ° = 9261 
= 6:2 inches = width of space between both extremities of top flanch and 


“ 


— ‘8 
21—2+1=>18= depth of space between top and bottom flanche 8. 
Hence, 1S? x 62 = 2008 8. 
217 = MS eith if spac © hetween both extrem ities of lop and bottom flanches. 
21— 2 = 19 = width of space above bottom flanch. 


Hence, 192 « 14 = 5054. 


Difference, . 7628 
And, 9261 — 70628 xX 4x 500 = 4396400 =< difference of products of the square 
of the depth and the breadth of the parts wanting to complete the rectangle meults rlies 
f 7 J / } ple 
by four times the value of the metal, which ~ 10 for the length = 439,640 lbs. 
In the example given chove, the formule of various Authors give the following 


resulis 
Ho igkinson.— , 7) x (bd? — (h — 1’) d3) SW in tons. 


ad re present ing rf, le) nth of heam, a’ de Pp rth to bottom flanch, b breadth of hottom Jlanch h, 
b’ thickness of eesti web, all in inches, | length in feet, and w weight in tons. 

"* 3x 21 x 10 
397,712 Ibs. 


X (21 K 213 — (21 — 8) K 198) = 17755, which K 2240 = 


2:166a d : . 
Fairbairn — ————— = w. arepresenting area of bottom flanch. 


l 


2: 66 2 21 
: x - ~ B = 1911, which XK 22410 = 428,064 Js. 

*The utility of this rule, in preference to those of Hodgkinson, Fairbairn, Tredgold, Hughes, and Barlow, 
ist manifest. as in the one case. the Velwe of the metal is considered, and in the other cases, the metal is as- 
sumed to be of an uniform value wr estrength, and when the range in this element, both in weight and « 
render it imperative that in a structure of iron of the highest transverse strength, the weight due to he re- 
quirements of dimensions of the lowest transverse strength should not be increased, and contrariwise 

Th only variable element not embraced in this rule, is that consequent upon any peculiarity of form of 
rection. as for instance, in that of the Hodgkinson, or like beams, when the area of one flanch, greatly ex- 
is the rest of the section, and this flanch is placed other than below when the beam rests upon tw ) supports 


cue 
ith ends, or than above when the beam is fixed at one end. 


or is fixed at lt 
+ Assumed breaking weight of the metal. In connexion with this, itis to be borne in mind, that the greater 


the area of the section of the metal, the less its strength, and the longer the beam, the greater the risk of a 
deflection from a flaw in its structure. 
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~ 
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2ad 
Hughes.— 


liad ‘ 
——— = W, A, representing area of section. 


2240 = 447,328 /ds. 


higad 
l 


Barlow.— 


113 63:4 X 21 
= So —— = 150-4, which x 2240 = 336,896 lbs. 
Again, experiments upon the breaking weight of girders of English 
cast iron have given the following results :— 
Dimensions or Girpers. 
l and 2. 
Top flanch, ‘ - 3°25 x 1°25 ins. 
Web, ° . 125 
Bottom flanch, . 
Whole depth, ° 
Area of bottom flanch, 
Whole area, ° 39-69 sq. ins. 70°69 sq. ins. 
Length between supports, 19° ft. 30°75 ft. 
1°116550 Ibs. 
: setae 3145208 lbs. 


sakine wei } ‘ 
Breaking weight, ) 2125350 « 


Breaking Weights calculated by various formule. 
1 and 2, 3. 
By Fairbairn, ° 63,213 Ibs. 129,272 Ibs. 
* Hodgkinson, 94,998 « 139,082 * 
“ Hughes, ‘ - 68,352 « 119,240 « 
“ Barlow, . 116,323 « 141,120 
“ Rule,* page 187, . » 114,337 143,712 “ 


Comparative Vatves or Cast Tron Bars, Hottow Girpers, on Tunes 
Figures (English Iron). 
Square Bar, small, 3 
do, large, ° 

Round Bar, small, . . 

Square Tubes, uniform thickness, 

Rectangular do., do 

Circular do., do 

Elliptic do., do 


; Adv ; . 
Determined by the formula, - 7 =, A representing area of sec- 


tion, and d, depth, zr inches, 1, the length in feet, and w, the load 
that may be borne with safety. 
CompaRATIVE Strenotno or Cast Iron Francnep Beams. 


DESCRIPTION OF BEAM. COMPARATIVE STRENGTH. Description oF Beam. CoMPARATIVE STRENGT! 
Beam of equal flanches, “5s Breadth with flanches as | to 4:5, 
with only bottom flanch, p 1 to 55, 
flanches as | to 2, : 1 to 6, 
1 to 4, ay f° ] to 6°73, 
Average experiment, : ‘ “94 
*The values here used, in consideration of the depth and great length of the girders, are reduced to 485 
for the first and second cases, and 450 for the third. 
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TABLE OF THE TRANSVERSE Strenctn Or Wrovcut Iron Girpers AND Beams. 


Deduced from the Experiments of Barlow, Fairbairn, Hughes, &c., &c., and reduced to 
an uniform measure of 
One Inch in Depth, One Foot in Length, and Supported at Both Ends. 
The Stress or Weight applied in the Middle. 


a Fr 


Ss 


. - 
Area of Flanches. 4S s iy é »" 
SECTION OF Se a - 3 z = La 
= or S == pod /— 
GIRDER FH a atc re : EF 
a | =) gilats a = >< + 
orn Beam. > | Ss Ss\| S= s =~ z=: 
& | F~-] B7Via™=| & ss 
= al < - «= 
Sq. ins. Sq. ins Ins.) Tus. |Sqins.) Ft.| tbs, Ibs. ths 


2 2 2500 


— 


ca } my 152 325) S38) 4 6°295) 11- 12000 §=6152000 209 


22000 220000 yOU0 


1:08 31 | 25 | 285 173 | 4 3142 12560 7260 2900 


fl 
== J 
’ 
2 te 
x = 
tet 
> alld 
z 

A 
3 ¢ 

¥ 

t 

te 

z 
Se 


3008 2052, 6955 


‘ 

Zz 
D, 

¥ 
= 
oe 
x 
~ 
-1 
- 
ty 
-) 
“soc aaah 
ee 


o. 
2°86 


14000 56000 14455 


te 
z 
- 
- rt 
on 
t 
y 
= 
woe 


ee: 
a 


| 2-82 54/26/55 | 407 | 23) 9250 20812, 6113) 2000 on | 
p 2of 35 \2 of 35 ty 
| 7-= | Jd 6 35 *) ‘ 
| } 7 7 37/16 | 7°37 19°92 | 24 | 32000 768000 38593) 2400 ap 
) } a4 
“ [* | 2of2125y|2of 2125 
| L 28 = 1°19) 30 XK 1°29) -25 | 7° 4:23 423 | 7 | 24380 170660) 40345) 5800 % 
| | «& 3 19 |-03 ‘29 | 39 672 2520; S689) 2850 . ; 
} | | ‘a 
| “ | | 3 1-95 | 061 60 | 39) 2520 9450, 15750) 5200 | . 
' . ‘ - « . - Se 
“ ¥8 38 | 065 1-24 it 3156 234670 19089) 3200 | is 
7 f 39 |°1325) 260 | 76) 9976 74820 28777 | 4600 | ‘ 
| 4 | H 4 1325 2 76) 10080 75000 28855) 4700 | 
} | | 24 1s 124 960 30 | 12500 375000 39063) 1600 | 
23°75 15'S | °272 | 21°20 | 30 51200 1536000 72452 3000 
24 ws) 625 | 492 | 30 (128900 SSHT000 G4648 3000 
} ys lu 925 |} 41°45 | 30 | 128800 3564000 
\ P 4 5 2Y1200 13104000 


07596 X * 


| 72 713 95 | 95 ‘O743) 286 /17°5|) 3738 65415 22872) 2400 
| “6 96  -252/9°6 “O75 | | 
| 2419 72 %5 | 05 (OTS | 4361175) 8273 146528 33607) 3450 
ifs? j« 96 X 076/96 & 142 | 
| 2 ‘727 1363 95 | 95 O76) 354 /17°5) 3788 66290 18723) 1950 
{ | 


354/175) 7148 125090 35619 


3700 | 


603 |17°5| 6812 119210 19768) 1050, 


* The above and preceding results are deduced from girders of the length given: hence, when the length 
is less, the breaking weight may be increased, in consequence of the increased st«ility of the girder. These 


‘ ; Ady ’ , 
results are very conclusive of the correctness of the formula used, viz: a will be seen in the ex- 


periments here given. 
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TasLe or THE Transverse Strrenctu or Wroveut Iron Girpers ann Beaws. 
(Continued.) 


4 , x a 2 
» - — = 4 = 
Area of Flanches. s 2 = = . ca 2:2 
Sucsmen ¢P =| 3|é| @ €3 |t® 7S iE 
5, =) 8) x =\6.| 8 “= ts 
|}  Gmpze oj ri; 71 7 ei 2s! &= £2 sh 
= bod — 7 Z bt — 5 = 
. 3 . - <= = =f oe =s &s 
orn Beam. 4 > = = = . - Se! && Fare 
| = z = = 3 e|'’si & e% vo 
- (-=} = a cy 2 Ss 2% 28 = 
4 = = = < i a “7A S 
Sq. ins. Sq.ins. In Ins. Ins Ins Sqin. Ft. | the be. | Bs 
4 25 « -260 9-25 149 
ns ‘ : ~ 
, ‘378 18°25) 925 “059 6°03 17°5 | 12188 213290 35371 1900 


17600 452400 SSTOO 


123794 84214 103500 
2 94435400 


206096 S800 


188160 


i> §943950 


a 7 ) ‘ iz (12 0408 1-40 17° 269% 44200 31571 2AOO 
a 4 a Tubes, ot =| 24 WS 713, 3127 9550 208629 41743 1725 
a ee 1462 925 -0416 156 17 2150 38550 23430 1600 
: Elliptical, Ss) YTS “143 S56 17°5 15900 278250 50045 33500 


* Thickness of plates, bottom, *156; top, *147; sides, 099. Area of bottom, 88 ins, 


+ The lateral strength of this was ascertained to be 38080, or } ; of its vertical strength. The ultimate 
0 


deflection was 2°75 ins. 


REsuLtTs OF EXPERIMENTS UPON THE TRANSVERSE STRENGTH OF 
Wroveut Iron Exuieticat Tvses, English Iron, Fairbairn. 


Distance between the supports 30 feet ; weight suspended in the middle. 


Depth Breadth | 
of of } Thickness of metal in inches. 
| tube. tube. | 


Breaking 
weight. 


ita | Ft. Ft. ins. Top. Bottom. Side. Ibs. 
4 | 3-8 4 1-8 62,720 
9-16 ; 3-16 231,465 


aS) 
tT 


3 


The ultimate deflexion was for the first, 23 


inches. 


The above and many of the preceding results are deduced from gir- 
ders of the length of from 20 to 50 feet; hence, when the length is less, 
the breaking weight may be increased, in consequence of the increased 
stability of the girder. 

These results are very conclusive of the correctness of the formula 


. Ady ‘ ° ‘ . 
used, viz: ——, as will be seen in the cases here given, in the 11th 


l 
and 19th cases, where the relations between breadth, depth, and thick- 
ness are nearly identical, and in the 12th and 16th cases, where the 


On the Strength of Materials. 191 


relations between breadth are the same, but the thickness and conse- 

quent area differ. 

To Ascertain the Transverse Strength, or the Loads that can be borne 
by Wrought Iron Girders, Beams, or Tubes, of Various Figures, 
and Sections when Supported at Both Ends, the Load applied in 
the Middle. 

Rute.—Divide the product of the area of the section, the depth, 
and the Value for the construction from the preceding table, by the 
length in feet, and the quotient is the destructive weight in pounds. 

Nore 1.—The rule given at page 187 for cast iron girders, &c., &c., will also apply 
here, when the metal is of such thickness as to give the girder, &c., full resistance to 


lateral flexure, and when the construction is such as to bring the stress upon the tension 
and compression of the metals, and not upon the rivets. 


2. In determining the Value, the proportions of the construction in its flanches, width, 
and depth, &c., must be observed as well as the character of it. 


3. The Values here given are based upon experiments with English iron, 


EXAMPLE 1.—What is the load that will destroy a wrought iron 
solid grooved beam of the following dimensions :— 
Top flanches, 3x 1:25 ins. 
Bottom flanch, 4x *5 = * 
Width of web, 4 « 
Depth of beam, %: 6 
3x 1:25 +4x°5 = 3-7542=5-75 inches, which + 9—1:25 + -5x 
foe? VO = 8°65 inches = area of section. 
865 x 9 x 3000 
hen 
Then, 10 
EXAMPLE 2.—What is the load that will destroy a wrought iron 


plate beam of the following dimensions, and 10 feet in length between 
the supports ¢ 


= 23 355 lbs. 


Top flanch, two of 3:-5x°5x:°5 ins. 
Bottom flanch, two of 3°-Ox‘5x:5 * 
Width of web, 5 6 
Depth of beam, 17 “6 


35x 5x2 + (35—-5x 5x 2)x 2 = 13 inches, 
which, + 17x +5 = 21°5 inches = area of section. 
21°5x 17 x 2400 

Then, 10 
EXAMPLE 3.—What is the load that will destroy a wrought iron 


rectangular tube of the following dimensions, and 10 feet in length 
between the supports ¢ 


— 87,720 ibs. 


Depth, 25°00 ins. 
sreadth, 16:00 * 
Thickness of metal, “30 * 


Area of section of metal, 29-64 *“ 


99-64 «x 25 «x 3500 - he 
Then, eo ON = 259,350 Ibe. 
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Formule for Beams and Tubes of Wrought Iron.—(Fairbairn.)* 
; 2800 | 
Solid Beams, j Ae = W. 
2912 J 
Plate do., — = W. 


ee . 1792 to 2800 a d 
Cylindrical Tubes, a —* = wy, 


1680 to 5510 ad 
; an W. 
l 
A representing area of section, d the depth in inches, and | the length 
in feet. Z 


Elliptical  do., 


Tlodgkinson. 
60,000 to 90,000 (4 d’— 3B’ a’) 
3ld sas 
3°1416 x 22,500 to 35,500 
Al 
3°1416 x 29,000 to 37,000 (¢ b3—e’ B’3) 
Al 
v, b’, and d, a’ representing the external and internal breadths and 
depths ; r and r’, the external and internal radii; and ¢ ce’, and b 0’, 
semi-conjugate and semi-transverse diameter in inches; and l, the 
length in inches. 


Rectangular Beams, wW. 


Cylindrical Tubes, —r4)=w. 


Elliptical do., 


=wW, 


Comparative VaLves or Wrovent Iron Bars, Hottow Girpers, or Tunes or 
Various Figures (English Iron), 
Square Bar, ; ° 250 
Round do., ° ° ° 195 
Rectangular Tubes, plates at top and bottom thick, at sides thin, 425 
Welded Tubes without Rivets. 
Rectangular uniform thickness, ° 375 
Circular do., 325 
Elliptic do., ° 350 
Circular Tubes riveted, 190 
Rectangular do., ; 280 
Elliptic do., ‘ 250 
Flanched Beams, ‘ 240 
Plate do., e 320 
, Ady 
Determined by the formula, —,— = W. 
* See Report of Commissioners on Railway Structures, 1849. 


(To be Continued.) 


Aluminum Bronze. 


They are now testing at Manchester, the new bronze formed of 10 
parts of aluminum and 90 parts of copper, to which M. Christofle call- 
ed attention long ago. Its hardness is such that in a lathe making 
2000 revolutions per minute, it requires six times ag long to drill it as 
any other metal does.—Cosmos, September, 1860, 
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For the Journal of the Franklin Institute. 
On the Economy resulting from Expansion of Steam. 
By Rosert H. Tuurston. 


The experiments of Chief Engineer Isherwood at the Brooklyn 
Navy Yard, those now in progress on board the Michigan, at Erie, 
Pa., and others lately tried, seem to be making converts to the doc- 
trine that the principle of the expansion of steam is of no practical 
value. I would like to offer a word or two in regard to these experi- 
ments, and also a few facts which seem to me to furnish quite as good 
evidence on the other side of the question. 

The experiments on the engine of the Michigan show the consump- 
tion of fuel to be actually greater in proportion to the power evolved 
when “cutting off’’ at 354, than when * following” full stroke. 

At the time of the experiment under the first-named circumstances, 
however, the engine made but nine revolutions per minute. It is well 
known among engineers that a high speed of piston is required to 
enable an engine to work economically, especially when it is intended 
to obtain the full benefit of expansion. At this speed, the steam must 
have been refrigerated very effectually. 

A writer, referring to the above experiment, in a late number of a 
journal devoted to engineering interests, remarks that a great gain by 
the use of a * cut-off”’ is all ** moonshine,” and, * engineers and sci- 
entific men have, for the last eighty years, subscribed to the greatest 
of fallacies,’’ which assertion is supposed to be proved by this single 
experiment. As rebutting evidence, however, other well-known ex- 
periments of Mr. Isherwood himself may be adduced. 

In his experiments on the smithery engine, at the Navy Yard, he 
found that by cutting off at -22, sixteen per cent. was gained over its 
full stroke performance. The gain in economy, certainly, fell far 
short of that called for by theory, but it was a very perceivable gain, 
notwithstanding. That the engine was in a most wretched condition, 
was proved by its extraordinary consumption of coal (15 pounds per 
H. P. per hour). 

In the same volume in which are given the details of this latter ex- 
periment, is also given the account of another experiment on a differ- 
ent engine, in which the gain by cutting off at -28, amounts to nearly 
thirty per cent. 

In this case, the consumption of coal at full stroke was 5-56 pounds 
per horse power, per hour, a vast improvement over the previous one, 
even when the difference in boilers is taken into account, 

If, then, even these engines exhibit so great a gain, what may we 
not expect from engines in which the evils consequent upon uncovered 
pipes and cylinders, slow speed, long and contracted steam passages, 
slow closing of opening, and the many other circumstances especially 
detrimental to “ cut-off engines,” are avoided. The nearer we make 
our practice conform to theory, by providing against the interference 
of circumstances unrecognised by our theory, the nearer will our 

Vou. XLIL.—Tuirp Series.—No. 3.—Mancu, 1861. 17 
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practical results conform to our theoretical deductions. Mariotte’s 
law provides that no heat shall be abstracted from the expanding va- 
por; hence, experiments conducted in a refrigerator should hardly be 
expected to be taken as proof of the falsity of that law. The unex- 
pected discrepancy between theory and the result of experiment, 
should only render engineers more pains-taking in providing against 
adverse circumstances. 

The most economical engine, not specially adapted to the use of 
steam expansively, that I have had occasion to test, is now running 
in this city. It was built by a Wilmington firm, and its valve is of 
the “long D”’ variety. 

The engine runs night and day the week through. The engine 
room is very hot. Tempe rature of feed probably averages 150°. The 
steampipe is short, and the engine runs at a tolerably high speed. The 
circumstances all favor economy. The consumption of coal is four 
pounds per H. P. per hour. 

The engine formerly required twenty per cent. more fuel than at 
present. The s saving was effected by giving the valve more lap, and 

carrying steam high “enough to bring the engine up to speed. Fig. 1, 
Plate LV, is an indicator card, taken after the change was effected. 
The change in direction of the steam-line at a, shows the point of 
cut-off. 

The most economical engine of which I have knowledge, built with 
special reference to the use of steam expansively, is one of a class of 
engines now coming rapidly into use, known as the ‘Greene engine,” 
and was built at Providence, R. I. It is running in circumstances 
very similar to the last mentioned, and is consuming two and a quar- 
ter pounds coal to the H.P. per hour. The great difference between 
the two engines in view of the amount of coal required, is readily ac- 
counted for by the vast difference in construction. An engraving of 
an engine of the latter form is given in Weissenborn’s **American £n- 


gineering Illustrated.” 


The steam-chest in this engine is very large, and acts to some ex- 
tent as a steam jacket. The valves are four in number, and are per- 
fectly flat, thus avoiding liability to leak, either from wear or by warp- 
ing under the action of the steam. ‘They are placed at the ends of 
the cylinder, thus securing short steam passages, and are closed either 
by a spring or falling weight, thus obtaining a rapid movement. The 
regulator acts by determining the point of cut-off, which may vary 
from nearly full stroke to any fractional part of the stroke, and steam 
is thus let into the cylinder rat nearly the boiler pressure. The cylin- 
der is carefully covered to prevent radiation, and the ensemble, al- 
though probably capable of improvement, is, perhaps, the best engine 
now manufactured. 

The comparison of the last two engines represents fairly, I think, 
the relative merits of the two classes. The average consumption of 
coal by engines as usually built, is probably between six and seven 
pounds per H. P. per hour, while that of engines built like the one last 
referred to, is certainly not above three and a half pounds with engines 
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of fifty horse power and upward. Figs. 2, 3, and 4, Plate IV, are 
indicator cards from Greene engines built at Providence, and exhibit 
tolerably well the merits of the machine. 

The Cornish engine is univers: illy acknowledged to be the most eco- 
nomical engine in the world, and in it the principle of expansion is 
earried to the greatest extent. One instance at least has been known 
where the consumption of coal was less than a pound and a half, and 
the average of these engines is but little over two and a half per H. P. 
per hour. 

An English firm is building marine engines, which use about two 
pounds only per . Pp. per hour, and in them the principle of expan- 
sion is carried almost to excess. 

An excellent example showing the advantage of a good opening 
and the rapid closing of a cut-off valve, is presented by the working 
of the engine of the steamer ¢rmenia, on the Hudson. The engine, a 
40-inch cylinder of 14 ft. stroke, was built with ‘ Steven’s valve gear.” 
Some few months since, she was fitted with E. R. Arnold’s “Attach- 
ment,”’ at a cost which certainly could not amount to $500. Figs. 5 
and 6, Plate 1V, are cards taken before and after the change. The 
effect of this added improvement was to decrease the consumption of 
coal more than a ton on each trip from New York to Albany. The 
point of cut-off is also now adjust able to any point from 4 feet to full 
stroke. Fig. 7, Plate LV, is from a fine engine having a “ Sickle’s 
cut-off,” which was built and is now running at Provi lence. 


Philadelphia, January, 1861. 


For the Journal of the Franklin Institute. 
Strength of a Beam Fixed at Both Ends. By Tuto. Cooper, C.E. 

The strength of such a beam, when loaded at the centre, is stated 
by many to be, when compared with a similar beam supported at both 

ends, as 3: 2. 

By theory, however, it should be as 4: 2, or 2: 1. 

In the case of a single beam, owing to the difficulty of perfectly 
fixing the ends, this theoretical result is not obt: 1ined; but there is a 
practical case in which we think it could be obtained, and would be 
of great importance :—that of a continuous beam extending over seve- 
ral points of support. 
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Let A B be such a beam, extending over several equidistant supports, 
a, b,c, &e., and Joaded at the centre of the openings with weights, w. 
The reactions at a, b, c, &e., will also be equal to w, and the convex 
portions, 0 m, of the beam will be equal and similar to the concave 
portions, mn; since both are acted upon by the same forces. 
Evidently at the sections, 0, m,n, of the beam, there will be no 
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strain of compression or extension, and were the beam separated at 
these points and the parts suspended from each other, the relation of 
the forces in the beam would not be altered. 

This would divide the beam, A B, into a number of beams, with a 
length equal to one-half the opening, a6, and supported at the ends, 
The strength of each of these, representing the strength of A B, would 
be twice that of separated beams spanning the openings, ad, be, Ke. 

We see, moreover, that the beam thus loaded would break at both 
the centre and supports, simultaneously. 

If, however, we suppose the beam, A B, to be loaded uniformly over 
its whole length, the reaction then being greater than the force acting 
between the supports reduced to the centre, the relation of the forces 
will be different, and we shall have as follows :— 

Representing the strain at the centre of the opening by 
that for the strain over the supports will be 
and that for the centre of a detached beam of the same span, 
will be 3. 

A beam thus loaded would break first over the supports, and then 
at the centre; and its strength woul 1 be to that of a supported beam, 
of the same span and load, as 3; 2. (Moseley says as 3: 1, but he 
assumes it to break at the centre.) 

The points, 0, m,, will be at a distance of 0-26289 of the opening 
from the supports. 

This last case may be applied to a bridge continued over several 
piers, and supporting a distributed load, as a train of locomotives. 

As we gain 50 per cent. in strength by thus continuing even a gir- 
der of uniform chords over the piers, we see the importance of con- 
sidering these facts. 

And i in proportioning the chords to the strains, we would have very 
different results from the case of a single span ; for in the parts, 0) 
of the girder, the position of the compressive and extensile forces, 
would be the reverse of that for the part mm; the chords should be 
the strongest over the piers, and decrease towards o and m, and then 
again increase to the centre, where the strength must be to that at 
the piers as 1: 2. 

When only one span is loaded, our assumption of a distributed load 
may still be considered as true, by making a proper app lication of 
a system of counter braces, to prevent the uprising of the unloaded 
spans. 

When we have a girder extending over but two or three openings, 
our statements are subject to modification. 


On the Preservation of Platinum Crucibles. 
From the Lond. Chemical News, No. 49, 

In connexion with some sensible remarks upon the use of sand in 
cleaning platinum crucibles,—a practice which, with Berzelius (** Ledr- 
buch der Chemie,” 1841, 4th Aufl., p. 516), he heartily commends, 
urging that it should be employed every time that a crucible is used, 
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—Erdmann explains the cause of the grey coating which forms upon 
platinum crucibles whenever they are ignited in the flame of Bunsen’s 
gas-burner. 
- This coating has given rise to much annoyance and solicitude among 
chemists. Indeed, it has often been asserted that the use of Bunsen’s 
burner is unadvisable in quantitative analysis, since, by means of it, 
the weight of platinum crucibles is altered, and the crucibles them- 
selves injured. The coating is produced most rapidly when the cru- 
cible is placed in the inner cone of the flame, and the more readily in 
proportion as the pressure under which the gas is burned is hi; cher. 
Having found it advantageous to maintain, by means of a special 
small gas-holder, a pressure of four or five inches upon the gas used 
in his own laboratory, Erdmann has observed that the strong gas 
flame thus afforded immediately occasions the formation of a dull ring 
upon the polished metal placed in the inner flame, this ring being 
especially conspicuous when the crucible becomes red hot; it increases 
cont inually, so that after long-continued ignition the whole of the 
hottom of the crucible will be found to be grey, and with its lustre 
dimmed. 

This ring is caused neither by sulphur, as some have believed, nor 
by a coating of inorganic matter, but is simply a superficial loosening 
of the texture of the platinum in consequence of the strong heat; 
whence it first of all appears in the hottest part of the flame. 

In conjunction with Pettenkofer, Erdmann instituted several expe- 
riments, which have left but little doubt that the phenomenon depends 
upon a molecular alteration of the surface of the metal. If a weighed 
polished crucible be ignited for a long time over Bunsen’s lamp, the 
position of the crucible being changed from time to time in order that 
the greatest possible portion of its surface shall be covered with the 
grey coating, and its weight be then determined anew, it will be found 
that this has not increased. The coating cannot be removed either 
by melting with bisulphate of potash or with carbonate of soda. It 
disappears, however, when the metal is polished with sand; the loss 
of weight which the crucible undergoes being exceedingly insignifi- 
cant, a crucible weighing 25 grammes having lost hardly half a milli- 
gramme. When the grey coating of the crucible is examined under 
the microscope, it may be clearly seen that the metal has acquired a 
rough, almost warty surface, which disappears when it is polished with 
sand. Platinum wires which are freque ‘atly ignited in the gas flame, 
—for example, the triangles which are used to support crucibles,— 
become, as is known, grey and brittle. Under the microscope, they 
exhibit a multitude of fine longitudinal cracks, which as the original 
superficial alteration penetrates deeper, become more open, or, as it 
were, spongy, until finally the wire breaks. 

If such wire is strongly and perseveringly rubbed with sand, the 
cracks disappear, and the wire becomes smooth and polished; for the 
grains of sand, acting like burnishers, restore the original tenacity of 
the metal, very little of its substance being rubbed off meanwhile. 
The loosening effect of a strong heat upon “metals is beautifully ex- 
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hibited when silver is ignited in the gas flame; a thick polished sheet 
of silver immediately becoming dull white when thus heated. Under 
the microscope, the metal appears swollen and warty. Where it has 
been exposed to the action of the inner flame along its circumference, 
this warty condition is visible to the naked eye. <A stroke with the 
burnishing-stone, however, presses down the loosened particles and 
reproduces the original polish. This peculiar condition which the sur- 
face of silver assumes when it is ignited, is well known to silversmiths; 
it cannot be replaced by any etching with acids; and it must be re- 
membered that what is dull white in silver appears grey in platinum. 

If each commencement of this loosening is again destroyed, the 
crucibles will be preserved unaltered, otherwise they must gradually 
become brittle. Crucibles of the alloy of platinum and iridium are 
altered like those of platinum when they are ignited. It is, however, 
somewhat more difficult to reproduce the original polish of the metal 
by means of sand, as might be expected from the greater hardness of 
the alloy. 

The sand used should be well worn. When examined under the 
microscope, no grain of it should exhibit sharp edges or corners; all 
the angles should be obtuse.—Journ. fur praktische Chemie, \xxix, 


117. 


For the Journal of the Franklin InstItute. 
Triangular Beams. By Prof. D. Woop. 


As I find that the statements of different authors respecting the 
strength of triangular beams are very conflicting, I propose in this 
article to make an analytical investigation of the problem, and com- 

are the results with experiment. 

The problem may, for convenience, be thus stated : 

A triangular prism being supported at its extremities ; it is required to 
ascertain how great a weight it will sustain at the middle point without 


fracture. 


Sut as we know that the strength of a beam depends upon its trans- 
verse sections, it will only be necessary to investigate the resistance 
of a triangular section. 

To introduce the several points which I wish to discuss, I shall make 
extracts from various authors. I find in Olmstead’s Natural Philoso- 
phy, p. 153 (or p. 107 of Prof. Snell’s edition), the following state- 
ment: 

“A triangular beam is twice as strong when resting on its broad 
base as when resting on its edge. 

I would pass this statement with the remark that the deduction is 
founded on Galileo’s theory, which is known to be false, were it not 
for the fact that many think that the statement is correct; also that 
beams made of some kinds of material are stronger in the former than 
in the latter position, but not for the reasons given by Olmstead. 

1. Suppose the beam is made of wood. 
The resistance of wood to compression is nearly the same as for ex- 


mi 
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tension. If it were the same, the beam would be equally strong in 
either position; for the same strain comes upon the edge, whether it 
be up or down. 

But if it resist more to tension than compression it would be stronger 
when resting on tts edge, and vice versa. These conclusions are fully 
sustained by experiment. Mr. Couch made some experiments on tri- 
angular (Canadian) oak beams, fixed by one end and loaded at the 
other. ‘The mean of four experiments gave, 

with the angle upward, , 315 Ibs. 
downward, . D45  * 

(See Barlow's Strength of Materials, p. 118.) 
Suppose the beam is made of cast iron, 


s 


3] 
Cast iron will resist about 6 times as much to compression as to 
tension (see Mahan’s Civil Engineering, p. 82). Hence, if we suppose 
the yielding to be at the angle, the beam will be six times as strong 
when the angle is upward as when it is downward. I know of no ex- 
periments on triangular cast iron beams, but Barlow has made experi- 
ments which confirm us in our conclusion (see his Strength of Ma- 
terials, p. 337; also, Mahan, p. 88). In a similar manner we might 
determine the relative strength of a beam in the two positions if made 
of any other material. If the beam is fixed at one extremity instead 
of being supported, then the preceding conclusions would be reversed. 
I now propose to find the strongest trapezoidal beam which can be 
cut from a given triangular one. 
To investigate this case, we will resort to the fundamental expres- 
sion for the resistance of beams subjected to a transverse strain. 
Let rR = the ultimate resistance of a unit of section to compression 
or extension. 
d, = distance of the farthest fibre from the neutral surface, 
1 = moment of inertia of the section about an axis through its 
centre of gravity and parallel to the base. 
We then have for the moment of resistance 
RI 
d, 
[See Mosley’s Mechanics and Engineering Eq., (637).] 
Let abe be the given triangle. 
ABED the required trapezoid. 


Let 6 = AB. v= DE. | 
a = CG = longest altitude | 

of ABC. w= CF. 

nu = centre of gravity of the trapezoid AB ED. | 

d, = FH. (2) z=cu=d,+ w. 


IJ is the neutral axis of the trapezoid. 
To find cu, we have, from the equation of 
moments, origin at C, 


2 b+ | | 
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(4) From the similarity of triangles we have 
v:w:i:b:a 


From (2) and (3) we have d, = ; 


by substituting w from (4) we h: 
(5) 


The moment of inertia about 1J as an axis is equal to the moment 
of inertia about D E minus the are: pDXFH.- 
Let Ff — wv. ad e = yy. 


Then from the similar triangles ¢ D E and ¢ de we have 


y:b::a+wore 


Ilence, the moment of inertia about DE as an axis is 


a — a 
an 


a 
a 
b 6 
, } 4 
2 / hl] a v 
— (bx +av)dx= - [ ] oa | 22° | 
a a at 0 v ) 


as as 
(>) = 12 }3 
Area of the trapezoid is 
b+ 
oe. 


(¢ /,4 — 5s tb 4 6 i? y? —_ v*). 


@ ins : 
a ——) » /, (Or —— 2 


which multiplied by Fr u” = d? gives 


ey : 9b? — hy — y?\2 
— — v*) 3 
1s  * ‘ b + Vv 
which subtracted from (6) gives the moment of inertia about 133; whic! 
by reduction will become 
b—v . 
*— ?(8b?— 16 bv+ 9v*)\—8 v4 
b — @ 
b4y — 8 B® v* + 8 hb2% 08s— 5 v4 — v® 
b — 2 : 


(7) 


If v = 0 this becomes = .); a°b, which is the moment of inertia of 
a triangle about one axis passing through its centre of gravity and 
parallel to its base. 

By substituting (5) and (8) in (1) we have 
I ] “4 — eg gee | 


) se : 
(Y) 26°*— bo — v’ 


R— 
d 12 
which is to be a maximum ; 
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.. we have ; } 
du 


(10) oa Gone’ + Bbe+--56" vé'—8 bsr°+ 19) v?—10 bv + UF. 


by al sing this equation we find that it has three roots, each 
equal b, which gives a minimum. Divide Eq. (10) by (v — b), and 
we have ite 

(11) vi+ 5bv?+ Th?v—b = 0 a 


, Z v0 f : 
(12) make v= — ,, — and (11) becomes : 


v 


mit bs ua OH 
which solved by a s formula gives 
z= 559118 4, and this in (12) gives 
(15) v = 0°13093 4, and this in (4) gives 
(14) w — 0:13093 a. 
By substituting v, Eq. (13), in (9) it becomes 
(15) pr = 0:545625 — 


td - 


== @ 


> 


Making v = 0 in (9), we have the moment of the full triangular 


e . rab , ae 
(16) section = 0-5 P ei 


Taking Eq. (16) from (15) we have ' 
> a2 % 
0-04562 %2.? a 
iz | 
Hence, if the angle of the prism be taken off to *15 of its depth, the ’ 


2h a. ; 
, ~ stronger, or 1°09125 times as strong, which 


F . a oe a 
prism will be 0-04562 


is a gain of over 9 per cent. 

Hlaupt, in his valuable work on Bridge construction, p. 51, says: 
“Tt is found that the prism becomes one-thirty-seventh part stronger : 
when the angle is taken off to one-tenth of the depth.” . ee 

By making v = *1 in (9) it becomes ; 


(17) 


hacia nti a a9 


» 


2 
ha aa ad gr Ra b : oe . 
which is 004385 “s stronger than the full section. Dividing this 


by (16) we find that it is 0-0877, or more than one-twelfth part stronger. 

Barlow, in his Strength of Materials, p. 116, intimates “ that it is 
the commonly received notion, that if the vertex, or upper edge of a 
triangular prismatic beam, be cut off to one-third the depth, the piece 
will be stronger than before.”’ 


. - 7 “ae . ; 
To compare this “ received notion’ with theory, make v = } in (9), 2 
and we have ; 
2 
201 ra*dh 
(18) 0-465608 - 55-5 


which being divided by (16) gives 0-93101, or according to theory 
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this trapezaid beam should be only ninety- three-hundredths as strong 
as the triangular one from which it is cut. 

This conclusion is sustained to a remarkable degree of exactness by 
the experiments of Mr. Couch as given by Barlow, p. 118. 

The mean of seven experiments made by Mr. Couch on the strength 
of triangular oak beams with the angle upward, is 306 lbs. 

The mean of two on trapezoidal beams with the narrow side up, made 
from triangular prisms of the same size used in the preceding expe ri- 
ments by cutting off the angle to one-third the depth, is 284-5 Ibs., 
which is only four- hundredths Ib. less than -93 of 306 Ibs. 

By comparing expressions (15), (16), (17), and (18), and ealling the 
strength of the triangular beam unity, we have the following results: 


oo 


greatest strain comes upon the edge, but there is only one fibre there 
to resist it; but after a small portion of the edge is removed there are 
many fibres along the line D £ at the same distance from the neutral 
surface, each of which will sustain the same part of the greatest strain. 

If the triangular beam were loaded so as to just commence fractur- 
ing at the edge, we might increase the load 9 per cent. and increase 
the fracture to only thirteen-hundredths of its depth; but if the load be 
increased beyond this amount, it will break the beam completely in two. 

Again, Hi: aupt says (p. 51), “It is found that the strength of the 
tri angul: ar prism is to that of a rectangular prism having “the same 
base and altitude, as 359 : 1000, or nearly as 1 : 3.” 

The moment of resistance of the triangular section is, Eq. (16), 


: 6. Strength of the triangular beam, ° l. 
+ Strength of the same beam if the edge be cut off to } the de pth, ° 0-93101 
~ “ “ “ “ l-lu “ 1-0877 
: A$ a * ™ - so as to give a maximum 
es strength, ° . ° 10912 
r. - . . 
$43 In order to explain this apparent paradox, we must remember that 
Pe the condition is not that the triangular beam shall be fractured com- 
a% vletely through, but that it shall not be fractured at all. Now the 
Fry . 5”? 
P} 
A 


7 


$4) ws Reed, 
yi; “oh 


The moment of resistance of a rectangular section is well known to 


| 


be (found from (1) ), Razed, 


-_ 


Hence, theoretically, they are to each other as 1: 4. 

I will close this article by comparing the maximum trapezoidal beam 
with a rectangular one having the same base and altitude. 

Let d = altitude = 0-87 a, nearly; 

d? 
‘Tou’ 


oe a*= 


Hence the resistance of the maximum trapezoidal beam is that of a 


rectangular one having the same base and altitude as ,'; of 0-72 : 4, 


or as 3U0 : 1000, 
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Experiments made by M. Starke, with the machine of the Polytechnic In- 
stitution of Vienna, upon various Cast Steels made at the Imperial and 
Royal Foundry at Reichraming in Styria. 

se ornate Breaking 

weight | 
per square 
millimetre. 


No. 1. Common Steelof Reichraming, 92°49 kilog. 


“ “ 83-29 
‘“ “ 8539 } 
2 “ 5189 Defect in the fracture. 
“ “ RIL 91 
“ “ 96-84 | 
3 “ 11242 
“ “ 105 32 
“ “ 86-44 
4. English Steel, 
(known as Huntsman’s,) 84-34 
“ “ ° + 6-51 
“ “ 76-99 Blister in surface of rupture. 
5. Steel made with Tungsten, 102-26 
“ “ 109 27 
“ “ 117-10 | Broke at a section greater 


than the minimum. 


Norse.— The kilogramme = 2-2 Ibs. The millimetre = 0-0394 inch. 


Bull. Soc. Encour, Indust. Nat., May, 1860. 


Superhe ated Steam. 


The readers of the Journal have no doubt read much on this sub- 
ject in the last few years, and there can be no doubt that, if super- 
heated steam is properly used, a saving of fuel may be effected. Many 
of the statements published, however, have made the success too 
great. It will be remembered that, a short time since, the Artizan 
published some very flattering accounts of the performance of the 
English Pacific Mail steamers, whose machinery was put in by Ran- 
dolph, Elder & Co. The engines had double cylinders, and used 
highly superheated steam (450 to 500 degrees). It is now found that 
this high heat is very destructive to the engines, injuring the cylin- 
ders, pistons, valve faces, and valves. So creat has the injury been, 
that they have commenced to take out and much reduce the number 
of superheating tubes. B. 


Artificial Making of Ice. 


M. Carré takes two iron retorts strong enough to bear a pressure of 

8 atmospheres ; two mercury-bottles for instance. In one he places a 
very concentrated solution of ammonia; and then connects it by a tube 
with the other retert which is empty. A furnace heats the first retort, 
mB €=_ the second is buried in a vessel containing water at the temperature of 
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the air. The heat disengages the ammonia from its solution, and it 
passes over into the cool retort, where the pressure due to its accumu- 
lation gradually condenses it into a liquid. The furnace is then with- 
drawn from the other retort, which is suffered to cool, and as soon as 
it has cooled sufficiently, the pressure is reduced within it, and at a 
certain point the ammonia passes abruptly into a gas again, absorbing 
from the water which surrounds the retort the heat necessary for its 
evaporation. A part of the water is frozen, and 2} kilog. (5 lbs.) of 
ice may thus be obtained. Of course, the operation may be repeated 
at pleasure. The apparatus, as will be seen, is excessively simple, and 
is said to be marvellously effective. It is affirmed that the price of ice 
thus obtained will not exceed 1 centime per kilogramme (‘5th of a cent) 
per lb.—Cosmos, December, 1860. 


Electric Light. 


On the 2d of September a first experiment was made, of illuminating 


A Beautiful Experiment. 


the famous Falls of Schaffhausen on the Rhine, 30 yards in height, by 
means of five electric lights: the effect is said to have been marvel- 
lous ; especially when viewed through colored glasses ; the waves of the 
river resembled a sea of fire. It is said that the experiment was insti- 
; tuted at the request of the directors of the Swiss Railroad Company, 
& who propose during the coming year to organize a series of night-fétes, 
of which this illumination will be the greatest attraction. 

Cosmos, September, 1860. 
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Fire Extinguished by Steam. 


eye Rice 


A fire took place on the 22d of November, in the cellars of a canile 
manufacturer, situated on the Route d’Jtalie, outside the barrier. The 
engines were of but little value, and to subdue the flames they had re- 
course to a mode but little in use. The cellar-doors and windows having 
been hermetically shut, steam was introduced and the fire in a few mo- 
ments extinguished. By this quick and effectual method, 200 tons of 
oil which the flames were on the point of reaching were preserved. 
Cosmos, November, 1860. 
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AMERICAN PATENTS ISSUED FROM DECEMBER 1, TO DECEMBER 31, 1860. 


Ash Sifters, ‘ Seth Wheeler, . Albany, uF 6 
Bag Holder and Conveyer, C. K. Hostetter, . E. Donegal, Penna. 18 
Bags,—Machinery for Turning W. V. Gee, ‘ New Haven, Conn. 4 
Barrels,—F inishing the Inside of Edmund Greenlee, Summer Hill, Penna. 4 


Bedstead,—Folding , G. D. Sargent, Boston, Mass. 11 


ae 6 
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Bee Hives, 
Blasting Rocks, wittele of 
Soilers, 
Bolt Cutter, 
Boots and Shoes,—Pegging 
Boot-jac k, 
Brakes,—Car 

—Railroad Car . 
Buttonholes,—Cutting 
Butt Hinge, 


ne Juice,— Purification of 
tchouc,—Vulcanizing 


vars,— Making 
,— Stretching 
lothes Drier, 
W ringer, 
over,—Hulling 
il Sifters, 
‘otlins,— Glass 
mators, 
‘omb Cleaner, 
Vile Pre sscs, 
|.—Covering 


rn Planters, 


——,—Husking and Shelling 
Cotton Cleaners, 

——_ Cleaning Mac hines, 
Coupling for Huse P Ipe, « 


Cult Vators, 


— ee Ce 


’ 


manenen, =f POOUE I 


" g 
Curtain Cords, 
—— Fixture, 


Dentists Cryst illine Gold, 
Dumb Waiters, . 


» Troughs, 


Racine 
nsion Table, 


Faucets for Bottles, 
Feed Cutters, 
Fertilizers, —Sowing 


I. C. Pratt, ° 
John Gilleland, 
Cornelius Godfrey, 
zo Taylor, 

F. J. Vittum, 

John Durham, 
Peter Keffer, 

R. W. Hix, 

F.C. Ley p ildt, 
Jaspe r Johns my, 


Jean Communy, 
Fa ke & iN Cha}©r d, 


James Fitton, 


‘erdinand W uteri 
- leveland, 
vardman, 
lbv, 
rrey, 
conk & Hoats, 
. Pittock, 

. Field, ‘ 
Fairchild & Joyce, 
Cc. P. 8S. War dwell, 
Elisha Clark, 
Heinemann & Buser, 
S. W. Adams, 


V. R. Center, . 


A. S. and D. Markham, 


Mowry & Deppen, 

J. H. Rankin, 

John Wind, 

J. Kyder and others, . 
Benjamin Jackson, 
Button & Blake, ° 
H.™M_ Belden, 
Geisinger & Williams, 


Jos. and St. Clair Guin, 


Isaac Miers, 

Benjamin Tinkham, 
A. H. Goddin, 

Saas Galt, 

T. L. Pye, 

Harold & Kelty, 


A.J. Watts 
Andrew Murtaugh, 


G. M. Selden, 
R. E. Harte, 
J. B. Murray, 
J.P. Hayes, 


George Hunzinger, 


Jacob Hiney, ° 


W. Hathaway, 


L. Picquet, 
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Morton, 
Athens, 
Brooklyn, 
Bridgeport, 
Chelsea, 


Cherry Grove, 


Reading, 
City of 
Philadelphia, 


Gi nesee, 


New Orleans, 
College Point 
Cavendish, 


Rochester, 


Williamsville, 


Fitchburg, 
City of 
Syracuse, 
Manstield 
City of 
Worcester, 
Morrisville, 
Waterbury, 
Lewiston, 
Milton, 
Union Mills, 
St. Louis, 
City of 

7 ihe Village, 


ity of 


Moultri ie CO., 
Athens, 
Monmouth, 
W omelsdorf, 
Ver sailles, 
Thomasville, 
Clinton, 
Louisville, 
Waterford, 
Farmington, 
Montville, 
Marseilles, 
Clay Lick, 
Cameron, 
Wilson, 
Sterling, 
City of 
Brooklyn, 


Utica, 
City of 


Troy, 

Ma letta, 
City of 
Hennepin, 
Brooklyn, 


Hartford, 
Tioga, 
Augusta, 


Til. 
Ga. 
| 
Conn. 
Mass, 
Ohio, 
Penna, 
ie - 


Penna. 


enna. 
et 
Mo. 
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Fire Escapes, 


Fluid,—Expanding, &c., E lastic 


Foot-scraper and Brush, . 


Gas and Water Pipe,—Tapping 


—— Burner Regulator, . 
Glass Cutters, ° 
Gongs,—* 
Grain,—Cleaning . 
quneemea Rid dle 8, 
——- Separators, . 
Hame Tugs,—Fastening for 
Harness ‘T'race, > 
Harpoons,—Explosive 
Harrows, R 
»—Rotary 
Harvesters, ‘ 
——— -— ,— Cotton 
—~—-—.,— Rakes for 


Harvesting Machines, 


Hats,—Shaping r 


Hogs from Rooting,—Preventing 


Horse Collars, ° 
Horses from Carriages, Detach. 
Hydraulic Engines : 


Insect Shields for the Head, 


Lamp Chimneys,—Securing 
Lamps,—\ apor ° 

Lathe Dog,—Automatic 
Lock,— Combination ° 
—,— Knob 

Loco. Engines,—E sheust Pipes 
—_——_—,—Superheat. st’m 
—_——_——,,— Supply. Water 
Looms, e 


Mangle, ° 
Mattress,—Life-preserving 
Medicated Lotions, ° 
Millstones,— Dressing 
Mouldings,—Enameling 
Mowing Machines, 
Musical Instruments, 


Oiling Spindles, . 


Paddle Wheel,—Feathering 
Padlock, ° 
Paper,—Folding 7. 
— Folding Machines, 
Parchment,— Vegetable 
Peach Parer and Cutter, 
Pendulum,—Compensating 
Pegging Machines, 
Pens,—Fountain 


Striking Mechanism for 


,—Rakes for I 
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Claude Sturel, 
John Jameson, 
Henry Warren, 


cm a Watson, 
Wm. Mallerd, 
Moses Kleeman, 
S. S. Chandler, 
R. C. Mauck, 
Anson Rowe, 


F. W. Rol 


J. W. Chareh, 
Edmund Maher, 
Theodore  Bolnes. 
John Allen, 2 
M. L. Bauder, 
John Blue, 
Apr verly & Johnson, 

. Linds re 
Pad Pritz,, ‘ 


jinson, 


McClintock Young, Jr., 


J. 8. Roy ce, ° 
P. Brady 
Ss, H. Apple 
D. K. Nixon, ° 
John Ende, 
Solomon Kepner, 
Thomas & Hall, 
John Haven, 
J.J. Marcy, 

J. S. Gray 
F. W. 
A. E. 


Ww lard, 
We naZe l, 


J. H. Morse, 


John Adt, 

G. W. Lathrop, 
James Martin, . 
Merritt & Kemplen, . 
Andrew Parkinson, 


Wm. D. Grimshaw, . 
Louis Bauhoeler, 

J. G. Popp, 

B. D. Tripp, 

Gabriel Boos, 

J.G. Dunham, . 

E. D. Bootman, 


E. N. Steere, ° 


Byron Densmore, 
John North, ‘ 
J.S. Gallaher, Jr. . 
Cyrus Chambers, Jr., 
Xavier Karcheski, 
H. St. J. Hilsman, 
George Buchanan, . 
Parker Wells, . 
Ebenezer Mathers, 
S. A. Skinner, . 


G. W. Woolley, 


and others, 


City of 
Gateshead, 
Hoboken, 


Buffalo, 
Bridgeport, 
Columbus, 


i 


Engl'd, 


Chelsea, 
Harrisonburg, 
Atallissa, 
Richmond, 


Cold Water, 
City of 
Philadelphia, 
Union, 
Cleveland, 
Covert, 
Memph s, 
Unionville 
D 1yton, 
Frederick, 
Cuylerville, 
Mount Joy, 
City of 
Sandyville, 
Buffalo, 

N. Coventry, 
Beverly, 


Boston, 


Meriden, 
City of 
“ 

Peoria, 
Waterbury, 
W eedsport, 
Toronto, 
Woo Istock, 
Norwich, 


City of 
Philadelphia, 
Vienna, 
Moravia, 
City of 
Raritan, 
Janesville, 


Providence, 


Brockport, 
Middletown, 
Washington, D.C. 
Philadelphia, re nna. 
City of Re Be 
Madison, Ga. 
Hickory, Penna. 
Middleton, Mass. 
Fairmount, Va. 
W. Berkshire, Vt. 
Philadelphia, Penna. 


Photogray 


Planing 4 


yhic Cameras, 


aners,—Parts in Rotary 


lachines,—W ood 


Plough C levises, ° 
Ploughs, 

- nu . 
ee —— , — (Ci ang ‘ 
- —Steam 

—_—_ SS . 
Pressure Gauge, . 


Quartz Rock, &e., 


—Breaking 


Milis for C 


rushing 


RK ikes for 
Revolvers, 


Rotary E 


Roving 


Saw Gau 


Sawin ag M; 


Saws,—] 
Se 


ilcs.— 


= 


Sewing 3 


ehirt Bos 


Smut Ma 
Spinning 


’ , 
Steam Be 


Railroad C 


\ 


Needles, . 


Shirred Goods,— Making 


ir Frames, ‘ 
Cars,—City 
—,— W 


’ ry 
Cross lies, . 


arming 


Switches, 


.—Turn-outs for Street 


Railway Signals, 


Reaping Machines, 


Roofing.—Cement for 


huine, 


s,— Winding Woolen 


ve,— Circular 
lachines,—Cross-cut 
landles to ° 
Platform 


eeding Machines, ‘ 


Seed Planters,—Cotton 


| ichines, 


mm Expanders, . 


— Studs, ‘ 
Tacks, ° 

Stiutter Operator, . 

Skirts —C lasp for Hooped 
-—wSkeleton . 

—-,—Spiral Hoop e 


chines, . 
Frames,—Cylinders for 
rile r, . 


Stove Covers, ° 

—-— Pipes, . 
Stoves,—Gas ° 

} Straw,—C utting 

! 


Simon Wing, . 
A. J. Kramer, 

H. D. Stover, . 
J. 8S. Hall, 

H. H. Baker, . 
Everett Bass, 


J. G, Robinson, 
Oliver Sparen, ° 
Smithwick Whitley, 
Jacob Haege 

Wim. | i “Mellen, 
John ah lds, e 
C. M. Daboll, 


LS B. Johnson, . 
F. Hodge, 


» Nickols, 
Grice & 
} . Watson 
R.C. B iiley, 
ets e Tuy per, 


Long, . 


and oth 


% F. Milligan, 

. R. Byler, . 
mith & Wesson, 

El. n F. Starr, 

8 ¥ Hammond, 

Lae Sloc ull, . 

J. A. Chapman, 


Lysander Wright, 

. A. Worthen, 
D. B. B irtholomew, 
E. ©. Atkins, 
Jedediah Ho ileomb, 
D. and W. W. Beal, 
Henry Bell, ° 
Horace Crofoot, 
N: ig & Ward, 
J. V.H. Secor, 
R. ©. Mash, ° 
Cc. A Rose, 

W. Hardie, . 


Henry Essex, 


Richard Solis, . 
S.J. Shaw, 

C. E. Haskins, . 
J. H. Knight, 
John Solan, ° 


P. Evans, 
E. G. Atwood, . 
D. G. Rollin, 
Robert Thompson, 
Robert Plews, 
B. F. Campbell, 
Samuel Solliday, 
John Russell, . 
Levi Bissell, 
J. L. Mahan, ® 
Warren Gale, 


Sugar,—Tanks for Crystallizing C. E. Bertrand, . 
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ers, 


Waterville, 
Marion, 

City of 
Manchester, 
New Market, 
Pachitta, 
Biddeford, 


" 
Shiloh, 
Littlet n, 
City of 

New ] I ] 1, 


Alexandria, 
City ot 
Bu uo 
Cire sf ro, 
Bullalo, 


Baltimore, 
Salisbury t'p, 
Springfield, 


City of 
Lynn, 
City of 


Pequetanuck, 


Newark, 
Morrisville 
Lancaster, 
Indianapolis, 
Brandon, 
Lester, 
Clinton, 
Tawboro, 
Niles towns’p, 
City of 
Somerville, 


, 


Columbia, 
City of 
Haverstraw, 
N. Brunswick, 
Marlborough, 
Providence, 
Newburyport, 


F reder icksburg, 


Malden, 
- rby, 
vity of 


rE. Dave nport, 
Smithtield, 
Roxbury, 
Sumneytown, 
Troy, 

North Bergen, 
Philadelphia, 


Chicopee Falls, 


City of 


Me. 
Iowa, 
N. ¥. 


Penna. 


4 
Penna. 
Ind. 
Vt. 
Iowa, 
lil. 

N. C. 
Ind. 
N. Y. 
Tenn. 


Ala. 
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Mass. 
R. I 
Mass. 
Va. 
Mass. 
Conn. 
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Iowa, 
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Mass. 
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Mass. 
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Sugar-cane Leaf Stripper, 
Switts, . 


Temples, 
Tenoning Tool, . 
Thread,— Dressing 


Time Registers, 
Tin Cans,— Wiring 
Tobacco Cutters, 
Tuyere, ; 


Valve Gear for Steam Engines, 


Valves, ° 
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P. P. Mills, 
Newton Benedict, 


J. C. Tilton, 
Oswald Schevenell, 
Conant & Ives, 

O. and G Hall, . 
Robert Schone, 
Thomas Ev ils, - 


W. H. Pease, 


for Oscillating Engines, 
of Boilers,—Safety 

of St’'m Eng’s,—Operat’g 
Slide 


Ventilating Buildings,— Means 


Wagons,—Road . 
Washing Machine, 


Watch Ribbons,—Slides 
Watches,— Regulating 
Water Drawers, 
Elevators, . ; 
& Conveyors, J. F. Keller 


——.,— Elevating 


suther W entworth, 


—_ Wheels, 
Wrench, 


° Ezra Ripley, 
ADDITIONAL IMPROVEMENTS. 


Coupling for Thills to Axles, James Saddler, 
Fabrics Incorrodible,x—Render’¢ ‘T. G. Chase, 
Insects,—Prevent. Depredations F. G. Johuson, 
Refrigerators, é W m. Sims, 
Washing Machine, Asbury Wilkin 


RE-ISSUESe 


Bedsteads,—Folding (2 pat’s) J. B. Wickershan 
Copying Apparatus,—Portable Wm. Van Anden, 
Corn Shellers, . J.J. Jol co 
Harvesters,— Raking Attachment W. H. Seymour & others, 
Hat Bodies, (2 pat’s) H. A. Burr, ‘ 
Irregular Forms,—Cutting R. J. Mearcher, : 
Paper Pulp,—Grinding J. Jordan, Jr., and others, 
Preserve Cans, Carlton Newman, . 
Projectiles, . C. T. James, ° 

D. E. . 

T. J. Mayall, 
(5 pat’s) G. W. Brown, 


Provisions,—C uring 
Rubber,— Hard ° 
Seed Planters, 


Somes 


Steering A pparatuses, 
Threshing Machines, 


DESIGNS. 


Carpet (7 cases), . 
Floor Cloths, 


Jesse Reed, 


Spencer Moore, 


E. J. Ney, 
C. T. Meyer, 


Washington, 
Aurelius, 


Ohio, 
is Se 
Sanbornton Br. N. H. 
Marion, Ala. 
Willimantie, 
Willington, 
City ot 

\\ atkins, 
Dayton, 

\ erzennes, 


Conn. 


ee 


Elizabethtown, 


, 
) 


N 
s 


rooklyn, 


rthamy 


t 


ton, 


Cr 


Cambridgeport, \ 
W iltham, 
Monroe City, 
Clevel in 1, 
Greencastle, 
Burlington, 
Cold Spring, 
Chatfeld, 


Georgia Plains, 


Penna. 


Jasper, 
Forbestown, 
Troy, 


Egremont, Mass. 
Philadelphia, Per a 
Brooklyn, N. Y. 
© tv of = 


ghkeepsie, 
\ : 
Legheny Uity 


rock port 
rock port, 


Hartford, 
Birmingham, 
Providence, 
Biddeford, 

Roxbury, 

Galesburg, 
Marshfield, 

Central Bridge, N. Y. 


Lowell, Mass. 
Boston, “ 


Proceedings of the Franklin Institute. 209 
[ron Shutters, ° E.H. Brown, . City of N.Y. 130 
Stove, : Zebulon Hunt, ‘ Hudson, “ 4 
—- ° Smith & Brown, Philadelphia, Penna. 18 
Stoves, ° Isaac DeZouche, ° St. Louis, Mo. 4 
—_-,— Cooking Jacob Steffe, ° Philadelphia, Penna, 18 
— C. J. Woolson, . Cleveland, Ohio, 4 
Stove Plates, ° Vedder & Ripley, Troy, as 
——— Vedder & Sanderson, ” “6 18 


C. J. Woolson, . Cleveland, Ohio, 


FRANKLIN INSTITUTE. 


Proceedings of the Stated Monthly Meeting, February 21, 1861. 


John C. Cresson, President, in the chair. 

John Agnew, Vice President. 

Isaac B. Garrigues, Recording Secretary. 

The minutes of the last meeting were read and approved. 

A letter was read from the Board of Arts and Manufactures, Mon- 
treal, Canada, transmitting a catalogue of their Exhibition held last 
Autumn, and a Bronze Medal struck on the opening of the Victoria 
Bridge by H. R. H. Prince of Wales, Montreal, 1860. 

Donations to the Library were received from the Royal Society, 
the Royal Astronomical Society, the Statistical Society, and the So- 
ciety of Arts, London; la Société Industrielle de Mulhouse, France ; 
the Oesterreischischen Gewerbe-Veriens, the Oesterreischischen In- 
genieurs-Veriens, Vienna, Austria; the Board of Arts and Manufac- 
tures and Capt. L. A. Huguet-Latour, Montreal, Canada; the Board 
of Trade, Detroit, Michigan; the Ohio Mechanics Institute, Cincin- 
nati, Ohio; E. S. Philbrich, Esq., Boston, Mass.; the American In- 
stitute, City of New York; the Commissioner of Patents, Washington 
City, D. C.; W. R. DeWitt, State Librarian, H. G. Leisenring, Esq., 
and John Heisely, Esq., Harrisburgh, Penna; Wm, Linn Brown, Esq., 
the Pennsylvania Institution for the Blind, the American Philosophi- 
cal Society, the North Pennsylvania Railroad Co., the Mine Hill and 
Schuylkill Haven Railroad Co., Prof. John C. Cresson, and George 
M. Conarroe, Esq., Philadelphia. 

The Periodicals received in exchange for the Journal of the Insti- 
tute, were laid on the table. 

The Treasurer’s statement of the receipts and payments for the 
month of January was read. 

The Board of Managers and Standing Committees reported their 
minutes. 

Candidates for membership in the Institute (4) were proposed, and 
the candidates proposed at the last meeting (5) duly elected. 

The Board of Managers reported that they had organized for the 
present year by electing Mr. James H. Bryson, Chairman, and Messrs, 
1s* 


; - Be Get ete Re ETE! O22, 
¢ - ns AO ag tae * val ® - 
, ‘ . - > esac “grate 
~ 
yes ee =, Moy a Te. yy a : — =e . 
ss a an ne RR ge 


i 
ow 

oe 
, Len 
i ee 
ie ‘es 
rape: 


a 


210 Franklin Institute. 


Isaac S. Williams and John M. Gries, Curators, and have appointed 
the following Standing Committees : 


On Publications. On Instruction. Managers Sinking Fund 
and Finan "eC . 
Frederick Fraley, 
Samuel V. Merrick, 
Evans Rogers, 
John F. Frazer, 


George Ere ty. 


John C. Cresson, 

B. H. Bartol, 

J. Vaughan Merrick, 
Fairman Rogers, 
Washington Jones. 


John F. Frazer, 
Frederick Fraley, 
Isaac B. Garrigues, 
Alan Wood, 
George Erety. 
The Standing Committees for the ensuing year were appointed by 
the President, and approved as follows : 
On Cabinet of Models. 


On the Library. | On Cabinet of Mineral 


John Allen, James Agnew, Isaac H. Conrad, 


Henry Ames, 

James H. Cresson, 
George M. Conarroe, 
George Erety, 

John Ferguson, 


Joseph Alexander, 
William B 
James Fraiser, 


George W. Hubbard, 


sJement, 


Wm. T. W. Dickeson, 
John F. Frazer, 
Emile Geyelin, 

Isanc B. Garrigues, 
John Bas LeConte, 


Henry W. Hook, 
Raper Hoskins, John L. Perkins, 
James T. Lukens, Coleman Sellers, 
Samuel Middleton, John A. Scot, 

John 8. Sleep. Henry J. White. 


B. Howard Rand, 
Robert E. Rogers, 
Percival Roberts, 
John C, Trautwine. 


On Evhibitions. On Meetings. 


Cab. of Arts §& Manuf. 


Daniel Allen, 
James C. Booth, 
Thomas Bickerton, 
Henry Bower, 

John H. Burgin, 
Robert C. Cornelius, 
Charles G. Crane, 
David M. Hogan, 
Henry J. Taylor, 
Henry P. ‘Taylor. 


John E. Addicks, 
John Agnew, 
James H. Bryson, 
James H. Cresson, 
William A. Drown, 
John M. Gries, 
Edwin Greble, 
William Harris, 
Thomas S. Stewart, 
Isaac S. Williams. 


William B. Atkinson, 
Robert Briggs, 
William H. Brown, 
Charles S. Close, 
James Dougherty, 
Thomas M. Drysdale, 
Henry Howson, 
Washington Jones, 
B. Howard Rand, 
John E. Wootten. 


On Meteorology. 


J. Aitken Meigs, 
Benjamin V. Marsh, 


Fairman Rogers, 


Chas. M. Cresson, 
George K. Crozer, 
William A. Drown, Jr., 
John F. Frazer, James S. Whitney, 

Jas. A. Kirkpatrick, Thomas J. Weygandt. 

Some cakes of Bentrinck’s “kindling” were laid upon the table. 
They are composed of pine saw-dust and resin pressed in moulds whilst 
in a warm semi-fluid mass, and then permitted to harden. One cake, 
of about two inches square by one inch thick, is said to be sufficient 
to start a fire of wood. 

Specimens of scale one and one-quarter inches thick, taken from the 
boiler of a steamer plying between New York and New Orleans, were 
shown as remarkable for thickness. 

Mr. Samuel Solliday, of Sumneytown, Penna., sent a model of his 
safety casing for marine boilers. It is to be formed of very strong 
materials, and completely surrounds the boiler except at the top, 
which is closed by a light lid to exclude rain. Should an explosion 
take place, it is intended to be compelled to expend itself in an upward 
direction and prevent damage to the people or hull of the vessel. 
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Messrs. W. Wrightson and J. J. Thibault submitted to the meeting 
for examination a number of specimens of ores and’ minerals, when 
Mr. Wrightson made the following remarks: 

The subject of the Silver Mines of Arizona was briefly presented 
to the meeting. Arizona extends from the Colorado river to the west- 
ern boundary of Texas, and from the boundary of Mexico to the 34th 
parallel of north latitude. The portion between the Mexican boundary 
line and the Gila river is better known as the Gadsden purchase, and 
is the seat of all the improvements thus far made in Arizona. In an 
agricultural point of view this territory is comparatively of little value. 
Its arable land is confined to the narrow valleys of the streams where 
the banks are sufficiently level to admit of artificial irrigation by means 
of acequias or ditches. The most extensive and fertile of these valleys 
is that of the Rio Grande, in the neighborhood of the town of Mesilla, 
and is generally known as the Mesilla valley. It is about 20 miles in 
length and 10 in width. Its soil is exceedingly fertile and produces fine 
crops of corn and wheat. The waters of the river are taken in a large 
acequia at the northern extremity of this valley, and carried around the 
foot of the mountains and thence distributed in smaller acequias over 
the whole plain. 

Viewed from the mountains on the west, this valley presents a beau- 
tiful appearance. Its level plain covered with rich vegetation, its ace- 
quias spread over its surface like a silver net, the Rio Grande flowing in 
silent majesty in the distance, towns of Mesilla and Las Cruces, and the 
houses of the farmers scattered here and there in the scene, while the 
whole landseape is shut in by the majestic range of the Organ moun- 
tains rising in almost perpendicular cliffs to the east. Next in impor- 
tance to this are the valleys of the Sonoita and Santa Cruz, which 
include the settlements near Fort Buchanan and the towns of Tubac 
and Tucson. In addition to these are the valleys of the Mimbres, 
the San Pedro, and the Gila rivers; all of which contain some arable 
land. ‘To the north of the Gila are said to be many fertile valleys 
now cultivated by the Indians. The whole surface of Arizona is well 
grassed, and it is possible that it will at some time be a grazing country. 

Arizona derives its principal importance from its being a mineral re- 
gion, and from the fact that the passes over the Rocky Mountains are 
lower here and more favorable to the construction of a railroad across 
the continent than on any other route. There seems to be a grand 
depression across the whole continent on the line of the Gulf of Mexi- 
co and the Gulf of California at the south, and the line of the great 
lakes at the north. This southern route through Arizona is the route 
of the 32d parallel, and affords both the shortest line and lowest passes 
and most favorable climate for the Pacifie route. The mineral re- 
sources of Arizona are but beginning to be developed. The pioneers 
in this movement were a small exploring party sent out from Cincin- 
nati in the spring of 1856. This party discovered and opened the 
Heintzelman mine, 20 miles west of ‘Tubac, and are still working this 
mine. It isa vein of the grey sulphuret of silver and copper, yielding 
ores varying in richness from $100 to several thousand dollars per 
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ton; the average being $200 per ton. Near this mine are the Lon- 
gorenia mine, the Arenilla mine, the Cahuabi mine, and a group of 
old mines on the Arivaca Ranche, yielding silver, copper, and lead. 
To the west of this group are the Ajo copper mines yielding ores from 
60 to 80 per cent. of copper. To the east of the Heintzelman group are 
the Santa Rita mines opened by the Santa Rita Co. of Cincinnati. 
This group includes the Salero, the Ojero, and the Bustillo mines, 
which were worked extensively by the Spaniards previous to the 
Apache war, and the Crystal, the Gila, the Encarnacion, the Caza- 
dor, the Buena Ventura, the Tajito mines, which have been opened 
by this company. The mineral deposits of the Santa Rita are remark- 
able for the bold and extensive character of the veins. The mountair 
seems to have been tossed by some internal convulsion which shook 
and disturbed its whole mass, in some places filling the fissures with 
a dense crystalline mass of mineral, and in others depositing the me- 
tallic salts like soot in chimneys to the infernal regions. The Crystal 
mine is a dense compact vein of sulphuret of lead in steel grain crys- 
tals 20 inches in thickness, yielding 60 per cent. of lead, and having a 
small ley of silver. This vein outcrops on the surface nearly a mile 
in length. The Gila, Buena Ventura, and the Tajito mines are veins 
of the grey sulpuret of silver and copper, with threads of galena in 
large crystals. They are 5} feet and 8 feet in width, and at the lower 
workings begin to yield native silver. Next, east from the group of the 
Santa Rita, are the mines of the Santa Cruz Mountains, including the 
Patagonia, the Empire, the San Antonio, the Trench, and others, yield- 
ing lead and silver. Eastward from these, at a distance not exceeding 30 
miles, is another group of mines, yielding silver, copper, and lead, which 
is said to have given importance to the old Ranche of Babacomeri many 
years ago. They are not now worked. Passing eastward over an in- 
terval of 200 miles, in which veins of silver and copper ores and gol 
be varing quartz are known to exist but are not yet taken up, are th 
Mimbres mine, including the Santa Rita del Cobre, the Hanover co; eee 
mines, the San José gol d mines, the gold placers of the Mimbres, and 
several veins of silver and lead. The copper mines yield ores varying 
from 50 per cent. to native copper in great abundance. ‘The copper of 
these mines is transported in wagons 1200 miles to the coast of the Gulf 
of Mexico, and thence by vessel to New York, at a profit on even this 
expensive transportation. The gold mines were worked originally by 
the Spaniards, but were abandoned at the time of the Apache war for 
want of better protection than was then afforded. They compare fa- 
vorably with the best paying mines of California. Farther to the 
east, in the Organ mountains which line the valley of the Rio Grande, 
is the Stevenson mine, so called from Mr. Stevenson, of El Paso, who 
first opened this mine. It is a large bold vein of argentiferous galena, 
and is now worked by a company organized under the general Taws of 
New York. In the same locality are the Santa Clara, the Santa 


Isabella, and other mines not now worked, but which are capable of 


yielding large masses of ore. 
‘To the north of this chain of mines which have been here pointed 
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out, and which stretch for a space of 400 miles along the parallel of 
32° north latitude, in the valley of the Gila river and near the meridian 
of ] l l west longitude, is the Maricopa copper mine discovered by Col. 
A. B. Gray. It is a wide vein of the grey sulphuret of copper, and 
promises to be a mine of great importance ; while all along the valley 
of the Gila are said to be deposits of gold-bearing quartz. 

The specimens of ore exhibited to the Society were mainly from the 
Santa Rita and the Mimbres mines. They consisted of steel grained 
galena from the Crystal mine, Fahl ores from the Gila, the Buena 
Ventura, the Tajito mines; sulphuret of silver and copper from the 
Heintzelman mine; galena from the Bustillo mine; sulphuret and 
carbonate of copper and native copper from the Mimbres mines, and 
native gold and gold-bearing rock and dirt from the San José mine. 

The attention of the Society was called to the commercial wants of 
Pe woh and the feasibility of a railroad route from Guamas or Port 
Lobos, on the Gulf of California, to Tubae, and thence by the route of 
he 52d parallel to the Rio Grande. The distance of Lobos to Tubac 
is 160 miles, over a route that is moderately level, presenting easy 
gradients and curves. ‘The business to be done by such a road would 
be the transportation of ores and metals to the coast and return freight 
of provisions and merchandise to the mines. 

The surface of the country is mostly gently rolling swells, the moun- 
tains rising abruptly and precipitously in small detached ranges rather 
than in continuous chains, thus affording an opportunity of winding 
around their bases. The prevailing rock is trap, and the soil hard 
gravel. In the absence of a railroad, it was thought wagons propelled 
by steam could be successfully adopted, the roads possessing all the 
requisites of hard surface, gentle ascents, and long stretches of straight 
lines. 
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For the Journal of the Franklin Institute. 
The Meteorology of Philadelphia. By Jamus A. Kirkpatrick, A.M. 


JANUARY.—It will be seen by the accompanying table, that during 
the month of January of this year, the wind was more northerly than 
usual; the temperature and the force of v: apor were lower, while the 
pressure of the atmosphere, the relative humidity, the amount of rain, 
and the number of rainy days were greater than usual. 

The warmest day of the month was the 7th, of which the mean tem- 
perature was 41°7°, but the highest temperature (403°) was reached 
on the 19th. The "col lest day was the 15th, when the temperature 
fell to 1°, the mean for the day being 7°83°. It is said that in the 
Western part of the city, about five miles west of the Schuylkill, the 
mercury fell to 6 degrees below zero on the morning of the 13th. The 
range for the month was 483° 

The temperature was below the freezing point on 23 days of the 
month, though it rose above that point in the afternoon of every day 
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except six, namely, from the 11th to the 14th inclusive, and on the 
93d “ ] Sis : ‘ 
aod and olSt. 


The changes of temperature were less than usual for Janu: ary, the 
mean daily range being less than six degrees, the average for ten years 
being a little more than six and three quarters. The d: aily ose lati 
of temperature was three degrees less than in Januar 2 1860, thou; iw 
it was only about a quarter of a degree less than the aver: ize for 
month for ten years. 


LUG 


The pressure of the atmosphere was greatest (30°526 inches) on the 
morning of the 25d, and least (29-460) on the afternoon of the 16¢) 
range for the month, 1-066 inches. The mean daily range, or averag 
of changes in pressure, was © nside ‘rably—that is, two-hundredt! 
an inch—more than usual, _ eight-hundredths of an inch more thar 
in the same month of last yea 

Snow fell on eight days of the month, to the agcrerate 
about twelve inches. Between 9 and 10 A. M. of the 24tl 
of snow falling were very large, many of tl 
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iem being two eer 3 


diameter, and so close to each other that for some time it was imp 
sible to distinguish objects at the distance of one hundred yards 
There were nine days on which the s 
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“was entirely covered with 
ouds at the hours of obs 
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clouds, and four days clear or free fr cl 
Vation. 


made in Philadelphia, Fre 


A — risaon of some of the Ieteorological enomena of JANUARY, 1861, with 


Januar Ys 1860, and » lhe wn nonth for ter rears, at Philads [pl 


1860; 


, 1861. Jan., 1860. Jan., 


Thermometer.—Highest, 4905 58-0? 
Lowest, ° 3.5 

Daily oscillation, 1-6 14-80 

Mean daily range, 5:98 6°50 

Means at 7 A. M., 27° 25-89 

. of, Mn 34-3 38°37 

9 P. M., 30° 32°97 

for the month, 30°$ 33°41 
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Barometer.—Highest, 30-526 in. 30-399 in. 
“ Lowest, ° 29-460 29-593 
a Mean d ily range, - 229 “159 
Means at 7 A. M. 99 29 970 
“ 2 P. M. 20953 209-915 
6 9 P.M. 29-968 29-938 


“ for the month, 29-971 29-941 


<5 
rical Observations for December, 


Force of Vapor.— Means at 7 A. M. ‘128 in. *136 in. 
“ “ “ 2 P. M., “144 "144 
“ “ 9 P. M. "145 "143 


Abstract of Meteorvloa 


Relative Humidity.—Means at” TA. M. 80 per ct 80 per ct. 
” “~ a? M., i 61 


“ 9 P. Sl 73 


Rain and melted snow, ° ° 4-620 in. 3-351 in 
No. of days on which rain or snow fell : ~ 


Prevailing winds, 7.52°12’w 375 x. 89°9! w 402 s.65°57 
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